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the preſent — has been publith- 
cond of which hand been repiiored 
without any material alteration, whilſt _ 
the new materials are contained in 


© this additional volume, which, inde- 
- pendent of its being ſold with the 
other two, may be purchaſed by itſelf, | 
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Beides a great many other articles, 
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the Reader will find in this volume 
5 an Account of the new ſubject of Axr- 
5 MAL ELECTRICITY, which may be 
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Bo N. B. When the whole of this BRO was printed, 
I had an opportunity of peruſing Mr. Savssunz's Ex 
periments and Obſervations on the Atmoſpherical Elec- 


.  rricity, and on the Electricity which j is A ts by he ; 


evaporation of water; bc. I ſhall 


„ by the eee e 


water from ſome other heated ſubſtances, beſides thoſe 
2 Þ mentioned in Ne V. page 270 of this Volume. Poſi- 
tl'rve Electricity was produced when he dropped a lump 
Wu : of red-hot iron into a ſmall quantity of water Tr; but when 
water was thrown at ſuceeſſive intervals into a large iron 
5 crucible highly heated, then no Electricity appeared at 
-_ * firſt; ſome time after a poſitive Electricity was mani- 
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f eſted, and at laſt the Electricity became negative. Gop- 


per did likewiſe produce the two Eleftricities ; but 
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experimental inveſtigation, and many in- 
genious perſons throughout Europe are 
now 5 the truck —.— care and 1 
duty. „ 


* 
* 
— 


$625 41 


The ain 3 were announced 
to the world in a quarto book, conſiſting of 
fifty eight pages with four large plates, and 
entitled, Alxhi Galvani de Viribus Electri- 
citatit in motu muſerlari Commentarius. Bo- 
noniae 1791. Abſtracts of this work were 
ſioon after inſerted in various periodical 
publications, and theſe' have been followed 

by farther. _diſcoyeries made by other in- 

genious perſons, and eſpecially by Profeſſor 
Volta, Pr. Euſebius Valli, Dr. Monro, and 
Dr. F owler. The ſeattered materials are nu- 
merous for want of a theory; but neither 
can a ; theory be formed, nor even fanther 
"inveſti gation | be. inſtituted, without a. com- 

. e view of all that has been done 

"0 concerning the preſent * 8 


* Fg „„ 44S Sd: WW. 5 7 : 


Havin 8 myſelf x made ſeveral. experiments ö 
on this intereſting ſubject, moſtly in con- 
r with Dr. James Lind, F. R. 8. 


ve in 2, manner been under the ne- 8 
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but thoſe alſo which have- been com- 3 


municated to me through letters, or-by 
means of verbal information; I think "EDT. 
neceſſary to add this account to my Treats 
on Eifrig, and hope that »:competidious _ *#* 
view of the ſubje&t maybe of uſe to thoſe . 1 
perſons, who are diſpoſed to engage bps 
_ Promiſing a field: of curious and uſeful in- 
i y n= 7 nn 

os is for the ſake of brevity, and ae his 
account is not intended to be hiſtorical, e 5 
3 ſhall. not- follow the order of time, nor 


a each diſcoveryorobſervation belongs. Their . . * 
names will undoubtedly” be recorded, with by PE 


Ef 


_ praiſe and e in many ſubſequent NT | 


Pre to theſe diſcoveries, the name of N 


Auna Eleckricicy Was given to the i,; 
1 of . namelys the > " — 
See | Bleriw.— Whenever a communi 
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are Conductors of electricity, between one "ray 

part and another of thoſe fiſhes, and a man 
or other animal is placed in the circuit, 
- which forms the ſaid communication; the 
man or other animal feels a ſnock ma 

t that occaſioned by the diſcharge of a 

. Leyden phial. If the circuit of commu- 
© _ Dication be interrupted, or formed of ſub- - 
© % | ſtarices which are not Conductors of elec- „ 
- -—- tricity, the ſhock is not felt, or at leaſt a 
very flight tremor is perceived in the hand 
*,, _ that touches the animal, The gymnotus 
die affords 2 luminous ſpark, which be- 
* comes evident by making an exceedingly 
ſmall interruption in the circuit of com- 
munication. Excepting theſe properties, 

is not known that they have any thing in 
common with artificial electricity; and 
every property vaniſhes with OE death , 

of TR animal *. 3% 2 bo Ne 9 bats 
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The diſcoveries of Dr. Gabat were > 
- _ principally with frogs; and after ther + 3 
animals were dead. He firſt diſcovered; * 3 
that a frog dead and feinand; is capable 1 
having its muſcles brought into action by 1 
means of artificial or atmoſpherical electr. 
city. And, ſecondly, he diſcovered, _ 
independent. of any artificial zor mataral ' © 
Electricity, the ſame motions may be pro- Ws . 
duced in the dead animal, .or even ind de. 
tached limb, by merely making a com- * 
munication between the nerves and th 
3 with ſubſtances that are Con- ax 


* 


— has a Jong gs mouth, and-ſeems © 

4 of the genus Tetrodom The back of che fih is © © 
« a dark brown colour, the kelly part of ſea-green, © 
et the ſides. Lead Ln og 

« green. q body is interſperſed with redy green, and, 

« white ſpots, the white ones particularly bright the | 2 

„4 | 
Oy Ws Coo x Tan 


” Whilſ 1 fiſh is living fading ecke like dete 


„ it de, 
tween his hands. Three perſons are mentioned in the _ 


account to have experienced this property of one 0 f | 


1 ; communication be made by means of Non- Fg 
3 conductors of electricity, as glaſs, ſealing 
wax, and the like; no mation will take 
place. It is owing to theſe circumſtances, = 
that the name of Animal Electricity has 165 | 
been beſtowed on this wonderful property 

2, of organized animal matter. Theſe pro- 

F perties have been verified i in a N 

”, Gas "0 animals beſides frogs. 
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| 1 . to Galvani 8 diſcoveries, I find 
n an one curious fact recorded, which ſcemm 
BE to be materially connected with the preſent 
bn Re” It is related in a letter of Dr. 
1 Cotugho, Profeſſor of Anatomy at N aples, + $7 
. © "to the Chevalier Vivenzio of the ſame place, 
f 4 This letter, a tranflation of which I ſhall ' 
" ſubjoin, was publiſhed in the Italian tran- RY, Rn 
2 8 flation of a book of mine on Electricity, b wth. l 
FS: the OW Charaligh + roman * 
Tun obſervation, which | 1 e e 
Sie days ago, When we were n 
cccgetber of the eleQrical animals, upon * 4 
7 which I ſaid that I believed the mouſe to 
8 ** one of the © is the pt 96. j 5 * 
ES , * gof* Towards 
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e the latter end of March 1 0 2 q 
was fitting with a table before me; „ 4 
obſerving HR to move > "about | 1 


; | mouls, which, as its coat indicated, b 5 
* have been very young. As the little ani- = : * 
EY could not move very. quick, 1 eaſily * 7 1 


hid hold of it by the kin of the back; - 
and turned it upſide down 3 then with a 
wall knife that laid by me, 1 intended 5 

8 to diſſect it. When 1 firſt made the in- 


ciſion into the epigaſtric region, the mouſe . 
Was ſituated between the thumb and firſt 
& 5 1 of my left hand, and its tail was got * : 

between the two laſt fingers. I had hard 

cut through part of the ſkin" of that re- 5 . 

* gion, when the mouſe vibrated its tail be- 

teen the fingers, and was fo 8 

1 againſt the third finger, that to my 
ag te, great aſtoniſhment I felt a ſhock through * 

ks as my left arm as far as tlie neck, attended 
„ 2 with an internal tremar,, painful ſenſation 
= in the muſcles of the arm, and with fach 
_ giddineſs of the head, that being affrighted,. 5 2255 
4 I dropped the mouſe. The ſtupor of the 
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nor could 1 afterwards think of the accident 


without emotion. 1 had no idea that ſuch 
an animal was electrical; uy 

A ; poſitive proof of TX 7 
12 . 08. 2d. 1750. Fen Lal 


I 5 1 The 4050 of EleArioity en a. - dhact . 


and ſkinned frog (and indeed on other 
| animals more or leſs) occaſions a . . 


” 


8 whe nerves of a NE. recently | 
"as and deprived of its integuments, are 


© ſhort, ate { diſpoſed, as that by the, action 
of an electrical machine, or of any 1 


. 5 fied body, a quantity of electric fluid is 


cauſed to paſs through them, a contraction 
of the muſcles takes place, with a tremulous 
convulſive motion, which may be reiterated | 
for ſome hours after. Dr. Galvani Prepared 
2 + having its legs attached to a part of. 
the ſpine, but ſeparated from all the i reſt of 
2 the body ; and obſerved that whenever a 
| ſpark Was. taken froth a large prime Con- 
1 - ducter of. an elegrieal machine fen 85 7 t 
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1 3. Whether the frog be 1 into 
actual contact with the electriſied body, or Fo 3 
9 not; whether it be made to "this „ 
ſpark itſelf or not, the motions happen 

- equally well, provided'a quanty rof electric '*; 5 
fluid be cauſed to paſs through it, which 1 
may be done merely by tlie preſſure or ac £ A 0, 
don of electric atmoſpheres —Wh the 9 
electricity is made to paſs through the fi 

35 by tl in Ne Mato conſe of the elec 
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be capable of affecting an clectrometer SES 
placed near the animal; then even a whole 
hy a lizard, a mouſe, or a ſparrow, will 
$ e ſtrongly affected with violent convul- D ; 
- fions. When the animal is inſulated, and 
the electricity is made to paſs through its 
be then a whole living frog is affected by. 
the paſſage of ſo ſmall a quantity of elec- 
34 f tricity as is diſcharged by a middling prime 

, Condudtor, that 3 is juſt capable of affording 

4 ſmall ſpark, In this caſe, if a Leyden 

Phiar be uſed, a much ſmaller quantity of 
> electricity will be found ſuffcient for the — 
7 viz. ſuch a charge of it as can 
not afford à ſpark, but that can juſt pro 
duce a- ſenſible n a0” of the Lorne " 


nme of a an ea Oo ne > 


-% 3 4 : 
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3 . But, a frog * prepared; eſpecially as A 
© che manner of Dr. Galvin. is affected * 2 
an incomparably ſmaller quantity of elec- p $2 
tricity. Mr. Volta has obſerved, that ſo „ 
ſmall a quantity of electricity as is abſolutely + : 7 a 
incapable of ocaſioning a divergence in he 25 3 
moſt ſenſi ble electrometer, but ſuch as way 
de enn ** 15 conden er of electricity, 
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is s ſufficient for the purpoſe *. Thus * & 
Eden phial be charged, and diſchar 


and afterwards be dif poſed, ſo that this. . 


prepared frog be placed in the circuit „ ; 4 , 
' tween its infide and outſide coating; 4 
_ paſſage of that ſmall reſiduum is fully N. Ly 
| 1 ficient to produce the contractions, &c. N 1 ye 
* _ By being ſenſible of fo ſmall a quantity of 1 
75 dlectricity, the prepared frog becumes 133 
moſt ſenſible ſort of electrometer, bien 1 


"Is 


* 


perhaps hereafter may be of * uſe i in 5 os 
_ fone nice electrical R . 7 25 l 9 
. 1 ' 2 . . „ 
; the preparation * Apen 
a 8 el the frog is ſuch, a8 * the electric fluid 


7 * Ur Volta eſtimates the quantity of elefricith, ©. 
xl, which can be perceived by means of his'eondenſer, 0 bet. 


| we gon or 60040 part of that quantity, which is ne. 
|  cellayy or affecting my elecrometer. Upon this I mut 
5 obſerve, not for the face of comparing the condenſer with 
Z the electromęter, but ze, ae 2 3 of the 
* _— quantity of electricity neceſ 


FE 7 that Mr. Volta's condenſer Gannot d = quan- 
4 ty of electricity abſolutely ſmall, Gur Sollech together, + 
0 _ _ and condenſes a certain quantity of it; Which, by being 

-, _ dcoffuſed through aconh Xi 
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maſt paſs through a nerve to the b or 
mulcles, then the movements are in ge- 
4 9 - neral much ſtronger, than when it is ap- 
Ws ens $118 body: . 


Dr. 8 had the 1 of 1 97 * 
ing FE Xs the electricity of the clouds 
Ae, the ſame: effect on the prepared 
limbs, as the artificial electricity of the or- 
dinary machines, and for that purpoſe he 
extended a Conductor from the top of a. 
- houſe to the prepared animal, which was 
. | ſometimes laid on à table in the open air, 

- and at other times was encloſed in a glaſs 
receiver. On this preparation the thunder . 
and lightning produced the ſame effects s 

_ * ſparks from the electrical machine. 

* 8 #4 The fame contraQtions took place, and they — 

©” were ſtronger or weaker according to the ++ "MW 

- diſtance and quantity of lightning. Thus 

fur the effects might bave been naturally 

a but a reiarkable circumſtance - 

33 obſerved, which ſerves to explain an- 0 

= - other. Phenomenon of nature. — It was _ 

| . ſiound, that inſtead of ane contraction at We” 

1} +  exeryclapof thunder,the limbs were affected 

7 with a fort of tremor or ſocceſſion «9: 

AED .EL #9 ns 8 Oy 
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" yulfions, which ſeetned/to be nearly equal 
in Wer to the repetition of the thunder, 
. that ſucceſſion of exploſions which 


=”: the rumbling noiſe of thunder a. . 


Nov this obſervation proves, that the rum 
bling noiſe is not the echo of a ſin gle ex- 


ploſion, or the ſucceſſive arrival of the vi- by 7 


brations produced at different diſtances, 
though at the ſame moment of time; but 
that it is produced by a quick ſucceſſion of 
| ſeveral explofions, which indeed ſeems. to 

be confirmed by obſerving, that the clouds 


» are very imperfect Conductors, in bie 


* 


tate” they are not likely to receive a full 
and fingle ſtroke of __ from eier 


om; or r from. 8 earth. f | 
— -# 8 1 8 
— * 25 * vet 
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4 E, 11 of Patek at firſt, but i Mt diiniſhes dy de- 8 
. ; ö till it vaniſhes in intirely. 15 gene at - 


fro 8, and other animals with cold blood, 
- retain the property of being affected b 
; Aa much longer than thoſe ee 
of hot blood. With fore of the latter, 
, the ANI is bh: weak, and wall cre 
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move exactly as if a quantity of electricity 
were ſent through them. This experiment 
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wu 3 IB; 


a # 
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laſt for a few minutes after the death of the 


animal; whereas ſome of the animals with 
cold blood, and eſpecially frogs, which are 
by far the fitteſt animals for ſuch experi- 
ments, have frequently retained that pro- 
perty for upwards of 12 hours, and ſome=, 


times even for two or three days. 


9. Thus far we have deſcribed the ef- 


| fects of electricity on dead animals; we ty ; 


ſhall, now come to the moſt curious part of 
the ſubje&, which is, that the ſame motions, 


the ſame convulſions, &c. and for a. time | 
about equally long, can be produced in 


dead, and even in living animals, without 
the aid of any apparent clectricity.— In an 
animal recently dead, detach a nerve from 


8 the ſurrounding parts taking care to cut 
lit not too. near its inſertion into the muſ- | 
cles; remove the integuments from over the 


muſcles depending on that nerve; take a 


piece of metal, as a wire, touch the nerve 5 
with one extremity, and the muſcles with 
the other extremity of the wire, and the 


conſequence will be, that the muſcles will 40 
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4 non-conductors, a8 
. &c. then no motion will 
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means Wy no or other c 5 
electricity, be formed of ſubſtances that are 
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wil answer equally well when the. prepa- 
ration is laid upon an inſulated ſtand, as 
communicates with the. 


. 
* > 

$7 *Y 1 
5 4 


10. When the application of the metal 


or metals is continued ſteadily on the part, 


the contractions will ceaſe after à certain 


time, and on removing the metal, ſeldom, if 1 


ever, any contraction i is obſerved. 
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11. Our i ignorance of any other power in 
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nature excepting- electricity, that can be 


m e with great 


ty through me- 


P tals, water, &c. and that cannot be tranſ- 
mitted through glaſs, reſins, and certain 


other ſubſtances, induces; one to imagine, 
effects are owing 
to electricity, generated in ſome 


BC 


[rt or 


other of the animal or of the ſurrounding 
bodies, as the metals or other bodies which 
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16 4 ComereT? TrxeATIEE. _ 
and muſcles *. It is not eaſy to FRA | 
| how a quantity of electric fluid can be ge- 
nerated or accumulated in one part, and 2 
+ , deficiency of it can take place in another | 
part, of the body of an animal, which is i 5 
every part a Conductor of electricity; and 
even if it conſiſted of Conductors, and of 
Non conductors combined together, it 
would be difficult to account for that quick 
production of electricity, which the effects 
obſerved in theſe experiments ſeem to re- 


12. However, notwithſtanding the ob- 
ſcurity in which the ſubject is at preſent 
Involved, I muſt take the liberty of men- 
_ tioning a conſideration which occurred to 
me when I firſt heard of theſe diſcoveries, 
and which may probably be of uſe to others 
in the inveſtigation of fo wonderful a phe- 
nomenon.— Electricians haue divided the 


6 C0000 
by others, and thoſs bodies which tranſmit it more eaſily | 
are in general Conductors of electricity alſo ; but the 
_ Rownefs with which heat is propagated, beſides other 
obvious confiderations, ſeem to exclude it from the ſup- | 
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Vries ſubſtances of our globe into Con- 
ductors and Non-conduQtors of eee 
The great difference between their pecu- 
liar properties is certainly evident and uſe- 
ful; ſince, without ſuch a difference, jaw: =" 
could not have had any knowledge of the 


exiſtence of electricity. But, ſtrictly pek- 
ing, there is no ſubſtance in nature, that 


may be called a perfect Conductor, or => 3 


2 Non: conductor of electricity. The 
various ſtates of the ſame ſubſtance, ths re- 12 
a to heat and cold, or of rarity and con- 
ſiſtency, are attended with a cede." 
variation of its conducting or non- conduct- 
ing property. Glaſs itſelf becomes a Con- 
ductor by being heated to a certain degree, 


and any one of the metals oppoſes a certain 5 3 8 


reſiſtance to the paſſage of the electric 
fluid 2. But omitting thoſe bodies which. 
are the moſt perfect of their claſs, let us 
conſider a caſe in which ſome electricity i is 
produced and diſſipated amongſt ſubſtatices:- 
that are leſs perfect. When a perſon with _ 
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dry, ſome electricity will be produced or 
accumulated upon the paper. If the paper 
thus electrified be held by one corner, the 
electricity will preſently diſappear. 
effect is eaſily explained, by conſidering the 
imperfect conducting and non- conducting 
ſtate of the bodies concerned. The fric- 
tion of the hand accumulates ſome elec- 


tricity upon the paper; but the paper be- 


This 


ing an imperfect Conductor, cannot carry 


away to the other hand that holds it, all the 


electricity as quickly as it is accumulated „ 


upon it; the friction being interrupted, the 


— 


the paper is leſs dry, the electric 


electricity is gradually e e When 
ectricity will re- 


main for a ſhorter time, or it may be con- 
ducted away as quickly as it is generated. 

No, in order to apply this effect to the caſe, 
of animal electricity, we mult firſt conſider, 


that though the whole animal is a Conductor : # 


of electricity, yet every part of it is not an 
equally good Conductor: Admitting then, 
or ſuppoſing, that in the body of the ani- 
mal a quantity of electricity is produced by 
"BS, ſome cauſe or other to us unknown, it muſt. 


« — 


follow, that this electricity muſt be con- 
ducted * or "INT through, 


ſome o 
parts 
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parts much cafier than through» others: 5 
5 conſequently the. former will contain more 


of that power, than the latter. The metal. . 


then, which nn to form ag commu. 
| ſores the EC AE AI Gd 7 
electricity itſelf may produce the effects 


being 565 


the artificial electricity. This conſidera . 
tion removes one difficulty, via. it ſhews 


take place, and that the eq 
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Bur it maſt de oe che leſs per- 

fect Conductors will anſwer only at firſt. 
ph when the prepared animal is vigorous ; but 
when the power begins id f miniſh, then 


only the mare perfect Cor 
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will anſwer, and even 


Ft "aaa on 
Aaucting powers of "2 x 
- _ be obſerved; and thus amongſt the experi- 
ments which I made with Dr. Lind, Wwe 
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22 4 Comettre TarATicn 
—Dr. VaLLI obſerved, that human bodies 
are not all equally good Condu@tors. Out | 
| of four perſons in a company, he found *, 
= that when two of them formed the circuit 
of communication between the nerve and 
the muſcles of a frog, the motions took 
palace very well. When a third perſon _ 
| formed the circuit, the motions were very 
weak; but that when the fourth perſon 
often repeated with the ſame ſucceſs. lt 
may however be obſerved, that the greater 
or leſs dryneſs of the ſkin of the hands in 
. _ thoſe perſons, might have been ſufficient to 
ee dart cara | 5 


4 17. Vitriolic a Sd; whine fs very : 
matkable, alcohol, appear to conduct this 
prope: TY? rather . water. = N 


; __ * tricity, paſſes through the ſubſtance, and  _ 
or not- only over the ſurface of. ConduQtors z . 
bence a wire 88 with ſealing- wan, 
non=C moyCing ſubſtance, except 
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5 en „ E LEOTRICITY.. 1 
ve as well as when it is not coated | 
| ſubſtance... 


19. "When various Conductor are placed 
| contiguous. to each other in the circuit be- 


tween the muſcle and the nerve, their cone - 


nt — perfect; otherwiſe the defired 
effect will not take place. To lay one me- 
tal upon the other 1 1s ſeldom ſufficient, un 
leſs they are preſſed againſt each other. If 
two or more perſons join hands, the con- 
tac mult be frequently rendered more per- 
fect by the interpoſition of water, viz. . 


woiſtening the fingers, eſpecially with ſalt 


water. Sometimes when the | Folie I 
greaſy, or have much perſpired, the animal 
electricity will not be communicated throu gh 
them. In this caſe, it becomes neceſſary to 
waſh them well, and then to dip n 
falt water: An interruption, that could not 


exceed the 200" part of an inch, which 1 


made in the metallic circuit of communica- 
tion, did abſolutely 


prevent the. communi- 
cation of the power between the nerves and 


muſcles of fix. frogs, which had Jeep Pr 85 
pared and con 
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5 0: The arteries and the veins are not ſo 
| Fe Conductors as the nerves; - for when a 
blood veſſel forms part of the circuit of 
communication, the contractions will take 
EEK place only when nervous ramifications are. 
©... adhering to it, and if theſe be carefully ſe- 
Pa rated, the motions will not happen.—The 
- fame thing may be faid of the tendons, the 
bones, and the membranes; for when either 
of. thoſe parts is ſeparated from the body, 
and is introduced in the circle of communi- 
cation between the muſcles and nerves of a 
DL prepared frog, no motion will enſue, except- 
ing indeed when thoſe - parts are full f 
. moiſture, and are in immediate contact . 
a the nerve of the prepared frog. Dry nerves | 
are not Conductors. of animal electricity. 
Dr. VAL EI found, that the internal ſubſtance 
of a nerve conducts much N Fon: = 


external, or k. V 


oe If part Ian. | 
in a thin piece of metal, as tin-foil or ſheet= 
lead, and the conducting communication, 
4-2 of conducting metallic rod, be applied from 
-- this coating or armour to the muſcles, the 
mmaotions will ae beach bats. 
8 * 
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1 | The muſcle itſelf; may alfs be OED with, - 


or ſimply laid upon, metal, and on com- 


pleating the communication between the 
armour of the nerve and that of the muſcle, 
or muſcles, the motions will be very vigo- 


f when no coating or armour is uſed. Be- 
HY Afides metals, the armour may conſiſt of - 
; |  water'or of other Conductors, as will be 


- 


"2% 


rous, and will continue much longer, than 


 ſhewn in the ſequel. The uſe of this ar- 


he Þ mour ſeems to be the augmentation of the 
4 points of contact. The effect has been ob. 
ſerveg to be much greater, and to ſucceed 
more conſtantly, when the oonducting rod is 
put firſt in contact with the muſcle or its 
N f 5 coating, and is then brought with its other 
= | 5 extremity into contact with the armour of 
1 dhe nerve, than when b is placed In ene 


a * 1 n 


power of the animal is much 
the former . wil anf ior, but the latter 
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ps it is neceſſary to employ two dife ; 8 of 
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tact with the muſcles ; for if they be of the x 


fame ſort, as both of filver, or both of tin- 
fail, the contractions will not take place. 
It muſt however be obſerved, that in the 


beginning, when the power of the prepared 


animal is ſtrong, the convulſions will hap- 
pen even when. the two coatings are of the 


ame ſort of metal; thougb not nearly ſo 
well as when two metals are uſed. But in- 


deed in the beginning, when the animal 


electricity is ſtrong. the motians are fre- 


quently produced without any coatings. and 


even without any. conducting rod. The 


mere ſtriking of the table, or the approach. 


al a piece of metal, without any actual can- 
tac, will frequently excite the movements“. 
But this ſtrong ſenſibility is. of ſhort dura» 


tion; after which period the two armauts 


aof the ſame fort of metal will not 


any motion whatever. The leaft difference, | Z 
however, in the quality of the two coatings, - 


is ſufficient” to produce weak motions, as 


when they are of flyer LENA degrees . 


5 Act tans Keith, i Dr. va ſeen in 3 
the movements occur at the diſtance of half an inch 
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ka or of diferine ſorts of lend, Gui. + on 
Ait is for the ſame reaſon, that if they" © | 
conſiſt of two metals that have a great affi= e 
eee eee, "1 


us when the two metals are more diſſimila r 
In their nature. Thus it has been ſounck. 
' that gold and filver do not anſwer ſo well „„ 
as filver and inc, or gold and lend. Either | 
gold or ſilver, or ſteel, or copper, or molyb» Roy 'A 


dena, when combined with tin or lead, or 


= 4x bk ds war; Nb. Ae A n A «BEE Sts, 
1 * » Dr. Vater ſays, that 3 

= . -. arabbit he found that the following combinations « of me- 

| | dals produced no movements, Viz. glaziers lead, and 


| any lead, lead and iron, lead and gold; lead and\copper, 
5 r or lead and antimom. 1 
5 An, El. p. p- 45 But it ſeems chat = er 
| not grounded upon a ſufficient number of experiments. 
| ns "T * by Ora n } 
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are however required to aſcertain” all the 
_ particulars relative to this part of the ſub- 
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* 3. The ted Fed pro- 
ende together with ſome other fads 


wich will be mentioned in the ſequel, in- 
duced Mr. VoLTA to ſuſpect, that poſſi- 
bly in many caſes the motions” are ovtca- 


ſioned by a ſmall quantity of electricity 
produced by the mere contact of two dif- 
ferent metals; though he acknowledges, . 


Bang e 15 ſo eminent a a 
pher as Mr. Vor Ta, induced Dr. Lin 


and myſclf to attempt ſome ex periments, | 
which might: verify it; and with this view 
Vue connected together a variety of metallic oo 
| ſubſtances in diverſe quantities, and that by = 


means of inſulated, or not infulated commu- ; 


= hs 


nications; we uſed Mr. Vol TA's conden- BEG! 
ſer, and likewiſe a condenſer of a new ſort; .- 
the electrometer ard was of the moſt 


ſenſible forts and various ere 
were uſed; Which it will be needleſs to de. 


= 2 in this Place; but we could never 


„ Jo. obtain 


| = En . r CE 5 


from 7 2 eee "Jae. © . 


we can infer no other concluſion, but that NE 

if the mere combination, or contact, rf 

two metals produces any electricity, the 5 oy 

ry quantity of it in our experiments was WRG 
Z all he ifeſted by our inſtruments. e 
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f 2 , : 4 24. Shes . e -aflerted,” that 4 (6 8 - 7 8 : 5 | ; > - 
| means of, the doubler of electricity (an inftru-; 3 


1 nt of which, narticular notice will be 5 n 
1 taken in the courſe: of this. volume] te 
| production of different ſorts of electricity, . 
| 7 by the mere contact of different metals, nt 
been fully aſcextained.; and that zinc has 3 
been en | litive elec- 5 7 3 
8 tricity, whilſt flyer gives he negatiye. 93 i. 1 
2 this diſcovery has really been made, we. 
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able improvement in 

| . 3 but, for my — 

* | manner, a, 7 
„ ments, have as yet. prove a | unſy 
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ies we ſo e, a Fanny metallic 
£ BB $ „ 5 8 2 el 
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as The motions will = allo _endited 

when the metals are not in immediate con- 
tact with the prepared limb, Profs they 

| form part of the circuit of Communication. 
Thus lay a prepared limb upon a table, hold. 
the nerve in one hand, and a piece of une 
in the other hand: lay a piece of filyer 
upon the table at about one or two inches 
diſtance from the prepared muſcles, and make 
a communication between the muſcles and 
the iiver by means of water or ſome other 
good Conductor. If now you. touch. the ſaid 
piece of filver with the zine which you | 
hold in one ng We contraftions * 
59 pech e Nen bs pen 5 
contct, and then dhe operator touches the | 
ö e ee eee 


* 


frequently and more advantageouſly uſed —  __. 


+ blade of the ſeiffirs" 


a Dur 48: 
ters 4 member ſuſceptible of motion, andarm- 


ing it with a metallic foil. On making . 

communication, the motion will take W 
but the preparation which anſwers beſt; is 

delineated in fi. 1 and 2 of the Plate, which, 

for the fake” of diſtinction, we ſhall in tre 

following pages, call h uſual preparation „„ 

it being, in fact, that which has been more „ 


It is made in the following manner. Se- 7 . 
parate with a pair of ſciffars the Head ane 
upper extremities of a frog, in the ine K. 
| from the reſt of the body. Opes the in 
teguments and muſcles of the ahzomen; 
and remove the entrails; then you will 77 
bare the crural | nerves, as ſhewn in fig. . - 
Which in thi avitaotigontic tut 5 the ſpine „„ 
at a conſiderable diſtance above the pelvis ;: 4 
vis. from the line COD. Then paſs one FT . 
27 xder the ſaid nerves, "IS 
and cut off the ſpine with-the fleſh cloſe | 
to the thighs in the line BF, by which : 
means the. legs will remain attached to he 7 |; 
ſpine by the nerves alone. This done, leave. © IB 
up a ſmall bit of the ſpine, gttacheld * = 
5 zal nerves, and cut G " the I 3 „ 
WF Thus you: will have the tue 0 legs GH, „ 
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of a frog adhering to a bit of the ſpins 


ACD, by means of the crutal nerves CE, 


DF. - Theſe legs muſt be flayed in order 
to lay bare the . muſcles. The metallic 
amour, which generally conſiſts of a piece 


of tin-foil, muſt be placed round the nerves - 


5 = very near the ſpine, viz. at CD, or or round 


the whole bit of ſpine AD, and the extre- 


mities of the nerves next, to it. A frog 
cus prepared, and touched by means of a 
conducting rod applied to the muſcles and 


to the armour of the nerves, will act vi- 


gorouſiy for a conſiderable time. Some 


contractions have been obſerved ſeveral 
hours, and even days after; but the power 


1s gradually diminiſhing, and in general it 


can ſeldom be e. after two or r three 


„ 


27. With a frog prepared in 2 „ 


: deſcribed. manner, one may ſhew the ex- 


ent various ways ; but the two fol- : 


lowing methods are peculiarly eligible, be- 4 


cauſe they produce very ſtrong and 9 


75 movements Hold the preparation by the 
. extremity one leg, the other leg bang: 
2 ing dof, with the 9 bundle of 1 
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, ELI OT AI % . 3 
and bit of ſpine lying. upon it. In this 
ſituation interpoſe a piece of filter, as a 
half-crown, between the lower thigh and 
the nerves, ſo that it may touch the former 
with one ſurface, and the metallic coating 
ö of the latter with the: other ſurface, or with 
its edge; and you. will find that the * > D 
1% leg v Will vibrate very powerfully, ſome - 
times ſo far as to ſtrike c the. hand, | 


'S, Lo FI PTE, = 057 + 5 3 85 ; 25 


28. The other 2 is * following: , 5 
Put two. wine-glaſſes full of water con- . 255 
tiguous to each other, but not actually . 
touching. Place the thighs and legs of 
the; pre pared frog i in the water of one glaſs; 
| and laying the nerves over the edges of - 
the two glaſſes, let the bit of ſpine and 
armour touch the Water of the other gl. 
This done, if you. form, the communication 
between the water of the two glaſſes by. 
means of the conducting rod, or put „ 
fingers of one hand into the water of the 2 5 
glaſs. that contains the legs; and bedding 
a piece of ſilver in the other hand, touch 
_ the een, of che r nerves . you will - 
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find that the prepared legs will move ſome- 
times ſo powerfully as to jump fairly out 
of the glaſs. It is however neceſſary to re- 
mark that the effect in this experiment is 
eaſed by a ſort of artifice, which muſt 
neceffarity take place; viz. 1 
order to be placed into the glaſs, muſt 
neceſſarily be drawn up, and as the effect 
df the communication, &c. is to produce a 
ſudden extenſion of the limbs, it maſt na- 
"PIR follow that from the reſiſtance of 
the glaſs, the pre paration muſt er! to 
1 which contributes to increaſe the 
_____ effe& in this experimn t, which is, that the 
. Water, by ſurrounding the prepared legs, 
= 2 very ample armour or coating, 
| which touches the legs in every point of 
their ſutface.—It frequently Happens in 
e periment, when the Animal Electri- 
1 city is ſtrong, that without Weming he 
75 communication, the motions are excited by +. 
only touching the armour. of the herves 
e en of metal. Or if one, perſon 
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it is necellary that che ſpon- 3 
| heart "ſhould | — $3 
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tificial, as it does to Animal Electric city ? | 
for when the ligature was in contact wien 
the muſcles a very great quantity of elec- 
tricity was found neceſſary to produce the 
movements, in compariſon with that quan- 
__ ity of it, which was ſufficient to produce the 
effect, when the ligature was at ſome di- 
tance from the muſcle.—I ſhould explain 
this effect in the following manner: Bůy 
the ligature the nerve is rendered a more 
imperfe& conductor, becauſe the continu — 
„tion of its medullary part is, in a great 
meaſure if not intirely, interrupted.” Now 
When the ligature of the nerve is in con- 
tact with the muſcle, the electricity which 
is ſent through the nerve will run along 
its e as far as "they Higature 3 * 
which A e Skis the tied 
part of the nerve, it will run over the ſur- 1 
face of the muſcle to the 2 7 
- uf the conducting rod, and of cb it 
Will not produce any movements, or or very 
. nes; whereas, when the ligature is 
at ſome — from the muſcles, though I 
| the tied part of the nerve is not ſo good a 
F as the reſt of it, yet the elec- 
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5 : __ muſt neceſſarily paſs through it; and | Wh 
1 being conducted through the ramiñcations 5 n 
orf che nerve, is communicated to all the 

5 internal parts of the muſcles, and Ef "x „ 
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| body will be convulled, - This laſt obſer. | 
vation, however, ſeems to be not ralh 


the. whole anime i in motion.” f 


a K che crural nerves, and all at the 
MEE PF age. 
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, whoſe Animal Electricity 
repeated ap- 
rod. 5 It is 


ho 
8 


very * 2 255 pplication of 
Artificial e en revived ; 


different metallic ſubſtances, and form- 


ing, a communication between 
motions eee e ee in ag entire 


zinc, 4 a Eb of t | tinge) paſted upon its. 


* 


back. | This done, whenever the commu- 4 


* 


-nication is formed between thoſe two ar- 
n movrs, eſpecially when filver is uſed, the. 
F 4 age convulſions are excited not 1 7 
in the muſcles which" touch the met, 
| in the neighbouring ones. The 
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©... "gta This experiment may be Be 
a flounder in a ſimilar, eaſy, an uy 
manner. Take a living flounder, a. 
cal alt oſt: always be found at the Et 22 
mongers, lay it flat into a TT 


and the ſilver piece, on doing which the 
animal will give evident tokens of beng 5 . 
ed. The fiſh may af 
laced in the water to to preſerve i it for ur- . 


tened to a. table 
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1 ä | 5 
1 atherwiſe, an incifiow ruſt be made on its 
* back as far as the fleſh, and a piece of tin- 


foil muſt be applied to it. 4 
c ciſion muſt be made in another part, as the 


thigh or leg, and a piece of filver muſt be | 
applied to it. Things being thus prepared, 


whenever the uſual communication is form- 
1 dd between the two metals, the convul- 


. . ho as akon . 
= | ee eee ee 


fame reaſon, i in this experiment a nerve 


communication will be attended with more 


have a very dry outſide, the inciſions muſt 
2 made 1885 * tf 


Pa is | "Wy a. Avec un canif, ou hos. ciſcaux; et J in 
KL * * morceau de feuille d'etain, (le papier dit i impropre- 


"MM < 7'introduis, de meme bien avant dans Vinterieur, le 
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edges into contact, or by the n * 


of ſome other piece of metal, he will per- 
ceive a peculiar ſenſation, a Lic of cool . 


5 not much different from, that produced. by 


anſwer beſt ſor this experiment are liner: 
and zinc, or gold and zinc. The ſenlation 


bf the uſual temperature of the tongue 
+ I filver or gold may be applied to any 
* of the mouth, to the noſtrils, The "i 


* 2 * 
8 


: : A 1 4 f 4. 
& * 4 
2 - * ; Sc * 855 F , 
J | 5 * 5 
5 $i ” 3 2 Ps + 
- 1 1 p 1 - * 


* 
N * 
Y 6 4 
* 5 # : 
Wh 
4 * * 


Ds | 
& 5 5 1 * > OE . 2 x „ ng 2 ſe 


: Hi AR ſenfible of the action of metallic | 3 A 


9 


7 fees to be more. diftin& when the metals 5 f a 


and ſubacid taſte, not exactly like, and yet 4 "SM 


artificial electricity. The metals which 4 175 


25 en E 1 rex 1. 88 25 
gat; 477 other ſenſible parts of the 1 = 
whilſt the zinc is applied to the tongue, and + "of 
on making the communication between che rh 
two metals, the. taſte is perceived on the 
tongue. The effect is morg- TY 

» Ewhen the Zinc touches the tongue in 4 
ſmall part, and the ſilver i in a great portion +. 
of its ſurface, thay vice verſa, —Inftead of 1 © « 3 
the tongue, the two metals may likewiſe 
be placed in contact with the roof of the 5 1 75 

ou as far back as poffible, and on 7 

| werke the” communication between 

ttmem, a ſtrong taſte or irritation is „„ 

- _ _ ceived. Mr. John Robiſon, in à letter to 

Dr. Fowler, gives the following curious 7% 
obſervations : 1 had, ſays be, a number 
of pieces. of zinc made of the fize of a2 

| I 285 C ſhilling, and made them up into a rou- | 
feu, with as many ſhiſlings. I find that 

2 this alteration, in ſome circumſtances, 
PET, increaſes. conſiderably the i 

0 expect on ſome ſuch princ] ple. to produce 15 
or 4 a ſtill greater increaſe. © If the fide'of wt 

WU 4 che rouleau be applied to the. tongue 

1 "be! that. all the pieces are touched by it, B 

„ Aitation is very ſtrong and diſagreeabls = = 2 34 
"i This — what 1 have often n 25 a 


— 


* 


N E 8 eld. 
0 ! + . : K * 2 * 
ö 3 5 # 7 
hs ; —_— 
«iS N * * Y * 
— * SZ v 4 5 - * 0 


S . * 
9 2 
« = 
3 — 
9 


+ 


A piece) into the other, at a, little diſtanſh 
« from each other, Apply. 5 cheeks ro 4 
cc them as extenſively as poſſible. Thruſt g 


: 6 ry 4 PF 2 * 
£ va 3 o * £ 5+ 8 
4 8 
* q 2 5 OY 
. ” * 1 2 8 2 * 1 
2 5 F Vi * ö 8 
* as * 
— 


84 4 CompLETE TaxrATIEE. Dr 
& ed, the ſtrong taſte. of ſoldered ſeams of : 


« metal. IJ can now perceive ſeams. in 


A braſs and copper veſſels by the tongue, 

A, hich the eye cannot diſcover, and 8 
4 =o Aiſting uiſh * the baſe mixtures which 8 | 
N . Fabound i in gold and diver trinkets.” S Ps 


i * a - 


And 2 on he lichen the boring 


| paragraphs; « Puta plate of zinc into one 


« cheek, and a plate of filver (a crown 


4 in a rod of zinc between the zinc and the 


Ds * them, ng by. bright, pers, 


—_ time on ſeparating. the ends of the rods, 


* or when, 2 have again attained what 


£ 5 4 ; SS * 
4 b X * „ ' - © 1 
* EX EE I's 3 
T0 24 82 

1 YE. - F 25 > * ** . 5 1 

„„ Sa 46 — * - 

# PF 
3 « the rn tered, no eff wi te 
* 5 1 
75 4 N * 
* * q * 9 — 
o * N 4 15 46 Gu ed. FA * > 

= * 
* Ky * 
[4 * - 
Pr * „ 
* = 1 


check, and a rod of filver between the 
4 ſilver and the other cheek. Bring their 
& outer ends flowly into contact, and a 
a ſmart convulſie twitch will be felt in 
the parts of the gums ſituated: between 


— 


+ «, «perceived 1 A contact, 1 2 cone 1 


„ 


* 
Fa 


en ELzcTRICA Nr. * Fs 
« Care muſt be taken not to preſs the 


pieces hard to the gums; this either 


« hinders us from perceiving the convul- 


_ < ſion, or prevents it. I find too, dae e. 


ce rod whether zinc or filver, is ſufficient _ 


4 for the communication, and even ws ve = 
« ing the two pieces together will do as Hed * 
— © well, or perhaps better, but the rods. . 
; N e > 3 


. 


a 52 Different perſcnd . Alec 5 


in this experiment; with ſome the 


. ſenſation, or taſte, is either very lightly, or wi 
not at all perceived, R | 
very ſtrong and even diſagreeable, 
_ think it a mere pungency, and not — a 
a taſte. Mr. Vol rA fays, he perceives a 
ſort of acrid; or ſomewhat an alkaline taſte,” - 
when the ſilver is applied to the apex, and 
| the tin to the back of the tongue; but 


zen the tin is applied to the gpex, and the 
Iver to the back of the tobe, then he 


perceives the ſubatid taſte, Opium, .- . 
rrits, and other things which diminiſh the 
ſenſibility of the tongue, will of coutle - 
render it leſs * pr of 19285 action * 
5 Ss: a 3 
£4 BYE, ES: | 330 The 


56 4 CoMrinTE Tararihy 
88 The communication between the 


. 


Ways, ſome of which may be more plea- 
- fant and ſatisfactory; place, for inſtance, 
two large glaſſes full of water contiguous 
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each other; then dip the extremity of 
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0 12 vety rarified ſtate and ſmall quantity. 
But with reſpe& to the attraction and re- 
pulſion, aſſertions have been publiſhed of 

- . thoſe properties having been actually diſ- 
I covered ; I believe, however, that thoſe ap- 
 pearances. of attraction and. repulſion” muſt 
be attributed to other- cauſes, as. the fol- - 
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Was agitated ſo violently by the ee 
ſttength of a robuſt man was unable to 
check the blow. Animals poſſeſſed of cold 
blood, are in general more-retentive of that 


chan thoſe, which haue hot blood: 
bat amongſt. thole of che me n. 
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52. The want of ſeveral of the char 
iſtic properties of electricity; may. perhaps be 
--owing to the weak ſtate of that power i in 
animals, and therefore it would be unphi- 
7 | Joſophical to admit another agent as the 
cauſe of thoſe muſcular motions, contrac- 
tions, &c. unleſs a property of it could be 
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that caſe we might with penny fay, 
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e various — * i animal body, I hall 
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9 r law in the ſcience of e 
- which is, that the mere 31 


3 quantity of electricity in 


1 anſw-er. that ſtrictly ſpeaking} 


5 af the Doubler of EleQricit ity, are or; 
en this law, ne THU He's * 0 * is * 
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have been once electrified. It is evident, | 
therefore, that a beginning of electrie ac- 


by evaporation, conc 
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esa Aspen, 8 


tity of water, which is poured out of a'vef- 


by deſcending from the higheſt to the loweſt 
places. But let a man try to remove the laſt 


drops of water, or particle of 88 
the inverted veſſel, and * in End ure 


mall didnt. 
- phil, from a” 
piece of wood and other: boiliiey- which" 


cumblation is by no means difficult to be 
found. But, independent of this remark, 

it we Saber that electricity is) generate 4 
Nation, rarefaction, 
ther - cauſes; and that thoſe 
natural proceſſes happen continually and in 
every place, we muſt then concludey that, 
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1 conſiſts three ite bend plates, I, 
. B, and "all of the ane diameter, 
or four inches. A is 
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-d horizontally upon an i ing 
, wich. its varniſhed ſurface; upwards, | 


' which, this e 5 late alkacquizet © © 
2 T's | : of | the. plate a 22 | l I, 8 2 


— r ns 9s nts rnb ee es _— 
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1 to that of B, and of 
. of the ſame ſort with that of A. 
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nee of which the plate C will a 


Now the plates B and C, being held by 


mer inſulating handlys, muſt be ſeparated 
tom each other. B Taft be laid upon A. 
and muſt be touched with the finger, whilſt 


OC is made to touch with its edge the under 


ba of the plate A. By this means, the 


original quantity of cleQricity is doubled 
once, A8 may be eafilly < en ne GS den 
Aa little confideration, and by repeating” hs 
| above-deſcribed operation, it ina y be dou- 
_ bled again and again to any degree vir. the 


plate B being removed from over the plate : 


3 the third plate C is laid upon it, and G 
is touched with a finger; then theſe two aG 
Flakes are ſeparated, B is replaced upon A, 
and! is touched with a finger, whilſt Cis kepr 
. contact with the lower fide of it, and fo 
on- Thseffect depends upon the two well- 
known laws of ReGrieity, vi viz. firſt, that a 
y: preſented to another body electrified, 
| acquires t thereby the, oops eleQricity, | 
1 it be made unicate with 

bodies or with the earth; and ſe- 
dly, ; thatthe e e - 
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| Tarkaces uf the Moos which might e 


taining a portion of that ſort of electricity, 
which happened to be communicated to 
them in 1 firſt prone? In e 
a neee which could | 

office, but in a leſs exceptionable manner. 
EO It conſiſted of three large and flat tin plates 
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"I to wich ach other 8 Wich 
theſe plates A, B, and C, the ſame opera- 
tion could be performed: as with the above 
. dacnben double viz. A and B were plac- 
3 ed facing each other at the diſtance of 
= about one-tenth r ee 8h, a 
3 5 _ ated to * hilt B was 5 Big 
2 2 then B being removed from the 
8 init 1 of A; dare placed facing the ae 
ituation C was touched. 
* this the plate @-wag, ſituated, With its 
| 35 a ldge in contact with the back 8 of A; 
SCG OTE ID SET B Was 
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meaſure electrify them; and from their re- 
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C electricity could be groduced by doybling- 
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2 origin of that electribit 
duced by this inſtrument, without ee 
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tha the hs of this dna were not 


varniſhed,” the pofſthiley of exciting-any 


electricity was removed, and in fact the 
effect ſeemed to be ſome what more con 


ſtant, yet it was far from being uniform tt 
certain. It appeared, in ſhort, that without 
communicating any electricity to it, the in- 
ſtrument after doubling a few times became 
always ſenſibly electrified. When the in- 
ſtrument had not been uſed for ſome days. 
then, in order to make it produce that ſpon- 
taneous ſort of electricity, it was neceſſary to 
repeat the operation of doubling at leaſt» 


20 times; but in any ſubſequent trial aſter 
this firſt experiment, a manifeſt degree — 


baut 12 times, and this electricity was al- 
moſt e * nn, en e, 
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it. In my opinion it muſt originate either 
from the ſurrounding air, or from the in- 
ſtrument itſelf, and probably from both 


cauſes. For inſtance, when the inſtrument 
has remained a long time unemployed, its 
plates are then likely to be in the ſame ſtate 
of electricity, and therefore that plate, 
which in the beginning of the operation 
remains untSuched, will probably acquire 
ſome electricity from the ſurrounding: air, 
and of courſe that electricity will be dou- 
bled until it becomes manifeſt. But when 
the- plates have thus been, once electrißed, 
it is then extremely difficult, if not i | 
able to deprive them of ſome reſiduum.of 


electricity, which they ſeem to retain even 


after one or two days reſt ; at leaſt I have 
not been able to ſucceed in the attempt of 
removing it. The reſiduum adheres __ 
' bably-to that part of the inſulating. ſtand 
which is contiguous to the metal plate, 


from hence even the flame of a candle is 


not ſufficient to remove it. To this reſi: 
duum then the origin of the electricity, in 
the trials after the firſt, muſt be generally 


attributed. Sometimes the electricity com- 


en by the * ey much 
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| the plate, and then of courſe the electricity 
of cis atmoſphere will be manifeſted by tlie 
operation of doubling ; but as the quantity | 
of reſiduum, or adheſive electricity, is varia- 8 LD. 
ble, as well as the electricity of the ſur- 2 
rounding air, or of any other proceſs under 
conſideration, therefore one can never be 
ſurs-of the effects > ng from tho wks & , WW 


e ee A 
even when made in the ee „5 
leſs exceptionable manner, were read at abs. NE 
Royal Society in November, 1787, and 1 8 af 
were afterwards publiſhed in the 78th vou. 
— 3 
following, the deſcription of an improved 
Doubler by Mr. We. N1CcHoLSON, was read 4 . 5 
at the Royal Society, and was aſterwards 
publiſhed in the 78th vol. of the Phil. 
Tranſ. Part II. Mr. NMienox son adapted 75 8 
the chree plates A, B, C, to a mechanim 
in which nothing more was xequized to be I 
done than to turn a winch ; for by the very I | 5 i 
| ingenious conflru8tion of its pans in ex 
he nn the whole operation of onuys 
| | . 23 3 „ 
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doubling was accompliſhed, a ſecond revo- 


lution quadrupled the electricity, and ſo on. | 


In this machine the plates do not touch one 


another, but only come with their ſurfaces 
very near each other, exactly as I had done 
with the three ſeparate plates. Mr. Ni- 
CHOLSON' very properly calls this machine, 
« an inſtrument, which, by the turning of 
* a winch, produces the two ſtates of elec- 


« tricity without friction, or communica» 


* tion with the earth. He acknowledges 
the propriety or my ſuppoſition, concerning 
the origin of the electricity in this inſtru- 5 
ment, viz. that it is generally owing to 


ie reſiduum adhering to its parts, and 


_. concludes with the following juſt obſerva- 
tion: © But here, as well as in the common 

- . « Doubler, the effect is rendered uncertain | 

by the condition, that the communicated . 

- « electricity muſt be ſtrong enough to de- 

. « ſtroy and predominate over any other elec- 

- « tricity the plates may poſſeſs. Iſcarcely 

- « need obſerve, that if this difficulty ſhould 


« hereafter be removed, the inſtrument will 


3 have great advantages as a multiplier of. 
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*. ſpeedy manner of its operation, and 75 
> Bae 67 oh nature "EY its ene HE. 8 
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Mr. NN in | tis New ene 
on Electricity, publiſhed in 1789, page 84, 
deſcribes a method of depriving the Doubler 
of its adheſive or ſpontaneous electricity. 
It conſiſts in turning the handle *round a 
confiderable number of times, whilſt all te 
three plates of the inſtrument are commu- 
nicating witli the ground by means of wires. 5 
But I muſt confeſs that I could not upon N 
trial, find this crys e to ee 5 
we GEES effect. — „ 1 
| | Notwithſtanding ail e N mo 
i © ral diſcoveries are faid to have been I 4 
made with it, the moſt remarkable of which 
are the following; and che Doubler is at 37 4 = 
preſent by ſome perſons, conſidered as ü- s J 
| of * JO uſeful he R in Nee 
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poſition, viz. that common atmoſpheric 
air, when vitiated even in a ſmall degree by 


proceſſes, ſhews a deficiency of electric 

fluid; whereas in its natural pure ſtate, it 
| is generally poſſeſſed of poſitive electricity. 
2 os The facts upon which Mr.RE ap eſtabliſhes 

'®* © this propoſition, were proved by means of 
ate Doubler; for when he worked it in a 

_ cloſe room, in which people had been ſhut 

up for a certain time, or upon a dunghill, 

2% or in a privy, he obtained negative electri- 
City; but When be worked it in the open 
* and 5 air, the reſult was e _— . 


RE.” « Knigh tbrid ge ebene abe, to be in 
© page 269, fills up a piece and be. | 
s tween the north-end of the chapel and 
8 „Hyde Park wall, and the main ſewer of 
e chat neighbourhood runs at no great 
depth under it; the number of children 
"= . © educated in this ſchool, is thought by 
Mate e of the 
1 * ſchool; on theſe accounts it becomes in- 
___ ," «FeRted with à very diſagrecable ſtench, 
. by * When the * and N e | 


7 WO. 


reſpiration, putrefaction, and other natural | 


* 


3 % ELETOTRICITY. = 
ate ſhut up; I have r the 
« noxious effluvium ſo very ſtrong in this 
&« ſchool, that I have haſtened out to breathe 
% purer air. I have often examined the 
4 electrical ſtate of the air in this ſchool 
« with the Doubler, and have always found 
© it ſtrongly negative; which ſhewed. that 
the aqueous or other conducting matter 
jodged in the air of the ſchool, poſſeſſed 


. | ce leſs than their natural quantity of elec. _ : 


« tricity, while that of the {chool-maſter's | 

* parlour adjoining, having nobody in it, 
- ed ſomewhat more than its natural 

6 quantity; ; it was found n Nw 
6 Res. N 


— 


I 


\ Is 7. 1 2 wet, Po 
„ ſchool, and found. the door and windows 


e © ſet. wide open to let in cool air I now. 


e perceived no ſtench at all in the ſchool, 
and thought it needleſs to try it. Ho- 43 
& ever the ſchool-maſter obſerved. that the 

further end of the ſchool was at all times 


_ + moſt infected with, and ſeldom quite clear 


of ſtench. I therefore worked the Dou- 
3 <, bler: in that part of it, and after a very 
few turns it became electrified negatively, _ 


= 2 way my expectation. I then 
3 Yoke Xn «tried 
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«tried the other end of the ſchool, which, 
« by the door being wide open, was leſs 
« liable to retain any noxious effluyium, 
«and there the Doubler gave poſitive elec- | 

_ « tricity. After this I tried it in the ſchool- 

© maſter's parlour, where it was poſitive | 


— 
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7 


| ti. Fl | Janghil, Mr. Rx AD made tho 
following experiments: I firſt, ſays. = 
vent upon the higheſt part of the d | 
hill, and held the Doubler in one a. 
little above the dung, yet within the reach 
of the aſcending pale- coloured vapour, 
. and with the other I turned the revolving 
t plate five or fix times, by which means 
the Doubler became electrified poſitively; 
„ which was known to be at that time the 
« general electrical ſtate of the atmoſphere. 
« _—The Doubler was now. lowered, and 
| © placed upon the dung; and alſo it be- 
- © _ * came charged by a few turns of the re- 
_ « yalving plate, which made me ſuſſ pet. 
that I had not completely cleared the 
IM Doubler of its former charge ; however, 
« on trial R ne- 
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* bene theſe experiments with the 
* « Dowbler placed on various parts of the 
"= dunghill, without any remarkable variation 
in the reſults, except that the negative ſite. 
« of the exhaled vapour was ſtronger, and 
* extended to a greater diſtance, in the de- = 
« preſſed or hollow parts of the dung, where 
« the vapour was leſs expoſed to a mode- 
rate gale of wind that then prevailed, than 2 
on Fw r yo WAA be boos oe 


# 


In the additions at as ald af Dy Da- at 
win's Zoonomia, I find the following paſ= . 
ſage: © By the experiments publiſhed by x 
« Mr. BENNET, with his ingenious Du. 
© bler of Electricity, which is the greateſt 

« diſcovery made in that ſcience fince tie 
10 coated jar, and the eduction of lightning: 3 
« from the ſkies, it appears, that zinc w 

* always found minus, and filver was all. 
ways found plus, when both of them 
were in their ſeparate ſtate.” 7 


1 


Not vai of hoy" Shar 8 „ 
publiſhed by Mr. BEN N on this ſubjet, = 
I imagine that the above-mentioned para- „„ 
graph alludes to the experiments related in | 
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Section VII. of Mr. BenxzT's New Ex- 
periments, &c. The title of this ſection, is 


© « Experiments on the adheſive Electricity of ß 


Metals, and other conducting Subſtances.” 
Thoſe experiments are performed in the 


following manner: The Doubler is firſt of 


all deprived of its natural electricity, as far 


as that object can be obtained, by turning 


the handle about 50 times round whilſt the 
plates communicate with the ground. The 


communication is then removed, and whilſt 


_ the revolving plate ſtands oppoſite to one of 
the fixed plates, two different metallic ſub- 
ſtances are applied, one to the former, and 
the other to the latter of thoſe plates, The 
- handle being then turned round, after a va- 
rious number of revolutions, the inſtrument 
becomes elearified ſufficiently to affect an 

eee The experiment is alſo per- 


6 5 the clericity he a was different, ac- _ 
_._,cording to the metal that was applied. 
But from the account of his own experi- 


„ BNN ET ſound that 


went, an much more from the experiments £0” 


of other perſons, the reſults are not conſtant. 
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H E perſevering induſtry of many in- 

genious perſons in the philoſophical 
"watt: fince the beginning of the preſent _ 
century, has gradually, and with confidera- I 

ble ſucceſs, examined the effects, aſcertain< 
ed the properties, and inveſtigated the laws 
of a' ſcience almoſt entirely unknown be- 
fore. Various wonderful phenon | 
nature have been explained, means * 
been diſcovered of Woiding ſome of their 
pernicious effects, and a greater inſi ght into 

the general operations of nature, has been 

derived from the knowledge of ſo great and 

| ſo extenfive à power as is commonly under- | 

ſtood under the name of Elet#ricity'; yet, 

ü. inſtead of contemplating its more ſtrik- 
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ing phenomena, viz. thoſe which are apt to 
ſurprize more by the magnitude of their 
effects, than by the inſtruction which they 
may afford, we endeavour to examine the 
ſubject more cloſely, we ſhall find that our 
knowledge of Electricity goes very little, K 
at all, beyond the ſuperficial part of it. 
We know, for inſtance, that a piece of 


glaſs, or other electric when rubbed, will 


produce that power called Electricity, that 
the glaſs will communicate the acquired 
electricity to a piece of metal, that the 
piece of metal will retain that power in cer- 
tain circumſtances, and ſo on; but no per- 


ſon has ſhewn how ſuch power is generated 
by the friction, or what prevents its paſſage 
through the ſubſtance of ſome particular 
bodies. It has been aſcertained, that the 
air of moſt countries, and probably of the : 


whole world, as well as the clouds, fogs, 


rain, &c. are almoſt always electrified; but 


we are ignorant of the office which this 
electricity can have in the great laboratory 


of nature; for ſurely ſo great and ſo active | | 
a power, can hardly be intended by the great 


Author of the univerſe, merely to intimi- | 


date mankind with. the thunder and the 


lightning, 


* 
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 Lghtoing. Thoſe perſons, therefore, who. 
are now willing to diſtinguiſh themſelves — 
in this intereſting branch of natural philoo 
ſophy, ought to examine the electrical! 
power, not ſo much in its accumulated; as 
_ in. its. incipient ſtate. . If its firſt. origin 
could be inveſtigated, it would be aſter- 
wards very eaſy to comprehend its increaſe; 
for we may eaſily underſtand how a great 
quantity of it may be accumulated, from the 
often repeated. additions of its {ſmalleſt moo - 


tion 8. 


This nt having vos 3 _ = i 
e philoſophical perſons, induced them _— 
to contrive inſtruments neceſſary for the Bo 
purpoſe, and to make numerous obſerva- i 
tions, W ich have. undoubtedly. promoted „ 
the know edge of the ſubject; but a vaſt | 

deal till remains to be done in order to aſ- 9 

| certain the origin, the nature, and the Va + 

1 rious uſes eee e ee * > 


The various AG FS; 1 „ 
' for this purpoſe, may be compre» „ 
hended under two general heads, viz. iſt, 


| thoſe which ſhew the EleAricity in is nag IG 
; aural 1 


—— ä—ũ——I— —— —T— „„ —— 
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tural quantity and quality; and 2dly, thoſe 


which manifeſt the electricity in a ſort of 


unnatural ſtate, as by condenſing, multiply- 
ing, or changing it in contrarium. The 


inſtruments of the firſt claſs are the elec- 
trometers, which have been deſcribed in 
the firſt and ſecond volume of this treatiſe, 


excepting however the gold- leaf electro- 


meter, which we ſhall- deſcribe before we 


proceed to examine moni eee 
6 „„ „ 


4 


This eleftrometer * was invented by the 


of geld. leaf ſuſpended 8 of, and 


hanging within, a cylindrical glaſs veſſel. It 


is in ſhort like my battle electrometer, ex 


cepting that flips of gold-leaf are uſed, in- 


ſtead of the corks ſuſpended” by fine filver 
wires. The flips of gold or filver leaf are 


about three inches long, and ſome times 


SED they are made narrower at the lower than 
at the upper extremity. This eleQrometer | 
is certainly the moſt ſenfible inſtrument of 


the kind, and very "uſeful in nice 5 


„* en Tran . 


— 


— 


! 


— 


„ ErvcThirerry. 
| ances te beg alu byreryha IN 
_ tities of electricity, in a ready and unequi- 
vocal manner *, hut” it 18 i 


portable. 217-8808 5 . 


As it is rather difficult: to faſten the flipeof 


gold- leaf to this electrometer; and to cauſe 
them to hang parallel, I have contrived 
a method which remedies that defect-. 
When the ſlips are cut and are lying upon 5 
faper, or on the leather cuſhion upon which _ 
they are cut, Fmake them equal i in length; 
by meaſuring them with a pair of com- 
paſſes, and cutting off a ſuitable portion 
from the longeſt; I then cut two bits e 
very fine — paper, each about half an inen 
| Jong, and a quarter of an inch broad, and by 


means of 4 little wax, ſtick one of them to 


one extremity of each flip of gold-leaf, ſo 


as to form a kind of letter T. This done, 


I hold up in the fingers of one hand, one 
: of thoſe Plover. of por walk the e 35 


* Tbe 0 4200 balls, hs 


are ſubject to an inconvenience, which does not -take, 
place i in the gold-leaf electrometer; it is, that ſometimes 
when they are electriſied, the balls adhere to each other 


for a conſiderable time before they tuck cp? 


eee, with a kind Hie e 
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ſuſpended to it, and hold the other with the 
fingers of the other hand; then bringing 
them near to each other, and having adjuſt- 
ed them properly, viz. ſo as to let them 
hang parallel and fmooth, I force the pieces 
of paper which now touch each other, be- 
tween the two ſides of a ſort of pincers 
made of braſs wire, or of very thin and 
hammered braſs plate, which pincers are 
' Faſtened to the under part of that piece 
„which forms the top or cover of the glaſs _ 
veſſel. As theſe gold ſlips are very apt to 
de ſpoiled, I keep ſeveral of them ready - 
cut in a book, each having a croſs piece of 
paper faſtened to one extremity, ſo that in 
caſe, of accident, a new pair of gold flips 
may be ſoon put between the aperture of 
the above-deſcribed pincers ; and by this 
A 
certain manner, . e 


Of the her fort of <> eos uſefal . 
ſor diſcovering the preſence and quality of 5 
ſmall quantities of electricity, ſeveral have 
/ already been deſcribed in the preceding part 
| Sf gu HE In pages 41 and 65 of 
ow II. the reader may ſee how a weak | 
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hole made in the wooden lever K 
moves round a ſteady 
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may be drawn out either intirely or to a cer- 

tain length, and of courſe the plate D will 

be removed to any required diſtance from the 

fitted plate C. I need not ſay any thing 
particular reſpecting the ſcckets of thofſe ̃ 
enge ee being clearly indicated in 9 
. er epting only that the ſocket 
As high as the top of 
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5 5 el, and B remains infalths. Ant wiki a 
the lever has been moved as far as it can go 
towards 8, the wire M comes in contact 


wich the plate <Q; as ſhewn in fig. Ach. 
wy 
 infolated; The _— plate D 
. . | 22 att . : * 
FL val ; rinftroment. is 4 in 
Win imbide a great deul more of tnt cee 
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|  reicity than it would otherw⅛iſe, becauſe its 
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nifeſted: whereas the electricity originally ; 


Kg 


unicated to the plate A, could not 
have” N arg n me in * ſenſi⸗ 
E eee eee 


er 1 
1 = x | i. . kk 5 * 2 


| . uſing „ eee addi- 
: tions of 1 — the utmoſt number 


5 go any farther; the. limit of Which is, 
When the charge of C is increaſed to ſuch 
| — to r e of — 


ein + ſow the Ctio or A. BER 8 
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| Prog not diverge,. proceed to a ſecon n 
ci z for though. its pendulums do nat 


_  diverge,, yet ſome electricity pu of; 3 
them, which muſt not be diſturbed, as it 
will help the effect of the ſecond operation, 

which is as follows; Puſh in the ſlider FF, 

Ae on paving the lever backwards and 3 


| cextain number. of. 5 , the > ln. c . 3 
will acquire a ſecond charge, about as high 3 Ha 


25 the former; and if then the ſliqer FP be 
pulled 
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dee. bus: er they were" con- 


n 


gi 11. About A tea- on 4 

was poured upon a en and im- 
$9 9 after an inſulated tin plate of 
inches in diameter was held over it 
for about five or fix ſeconds of time, to 


catch and condenſe the vapour. This plate 


was then brought into contact with the 
plate A of the multiplier, and after four ad- 
ditions the electrometer was: ſenſibly elec- 
triſied by the contact of the plate C. Four 
additions more increaſed the divergency of 


the electrometer to a degree more than ſuf- 
ficient to ſhew that its electricity was ne- 


gative, and conſequently that the tin * 


$2 — in. 97 \ boring „coal wens place 
48 two drops of — Ho MPazon . 
The tin plate was brought in contact 


25 wich the plate A, and after very few addi- 
tions the plate C electrified the electrome- 
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degree much more than ſufficien rtr 
to Fs that. its electricity was poſitive, ant 
courſe the tin plate had been eleou- = 
two drops ns ha pace 775 IN 2 15 0 3 
I - Exp: Av. The abe e A 6 4 
-J being bed by the extremity of its indi- 
IN open hand. It was then made to touch the 

plate A of the multiplier. After thirty ad- 1 
8 W ter received from ihe ES 
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wire into the ſocket of the plate A,; and " 52 
then expoſed it to the open air. But 1 Yi 
lan. . 3 ban en 1 
12 I hon opened ts. experiment PU n 1 
ſucces ; ; yet ſometimes it has failed, perhaps owing to 
the yarious Nate of the ſkin of the hand; er of th fur „ 
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accompliſhing that object. I expoſes out of 
the window, an inſulaled ſtick of about five 


feet in length, and covered with tin foil; 
and whilſt 1 hold this apparatus by the 


extremĩty of its inſulating handle, I touch · 


with the other hand, for about two cr three 
ſeconds, the lower part of the ſtick. - By _ 
this means the ſtick, being free from points; 

- acquires an electricity contrary to that of 
the ſurrounding air. I then bring it within 
the room, and communicate that electricity 
ha pans A of the multiplier; &c. But 
:lecricity fo acquired by the inſulated 
ſick; is generally ſufficiently ſtrong to affect 
3 — the uſe of the mul 
 tiphier. - - To examine the electricity of the 
rain, ſnow, hail, &c. the ſame apparatus 
muſt be wont of a+ window, but the 
ä bee worin een 
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FTE R many fruitleſs attempts, and 
after having ſent to the preis we 
g part of this volume, I at laſt hit 
upon 24 ucing electricity by 
che action of metallic ſubſtances upon n 
2 I pp eee, the inter- 


EIT is be attribut=; 
ed to the circumambient air, yet the me- 
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dowed with properties Mar h O 
them, and it is principally, i in conſchuence 
of thole properties that the produced elec- 
- tricity is ſometimes poſitive, at other times 
e and various in its ae. =” 
| wt = JON . "ore 3 . 
The 8 of thoſe . of me- 
|  tallie bodies opens a new field of uſeful in- 
veſtigation, and renders more manifeſt the 
general or extenkive ——_ — a wn 
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tions of electricity, the plate C communi- 
cated to the electrometer a ſufficiently ſen- 
ſible quantity of poſitive electricity, which 
ſhews that the tin plate had been electrified 
negatively by the contact of the zinc. This 
experiment was repeated four times within 
the ſpace of half an hour, and was con- 
ſtantly attended with the like effect; but 
on the following day the effect was kn 
to be leſs conſpicuous, for. three times 
twenty additions juſt cnabled the plate C to 
communicate a; ſenſible degree of poſitive 
electricity to the electrometer. In ſhort, © 
the different ſtates of the atmoſphere ſeem 


to be much concerned in the reſult of this 


experiment, and yet the whole effect can- 


not be attributed to it; but of this farther _ 


on. Before however I proceed to the nar- 
ration of other experiments, it will be ne- 
ceſſary to dwell a little longer on the above- 
mentioned operation, not only to render it 
more n but Brems to avoid re- 


petitjons,: 


The tin 8 16g in che (Ee: 

well as in many of the ſubſequent expe- 

riments, meaſures eight inches in diameter; 
Vol. III. ; 2 9 and . 
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and is faſtened to a ſmall piece of wood about 
| three inches in length. Two glaſs ſticks 

covered with ſealing - wax are cemented 
into this piece of wood, and their other ex- 
tremities are cemented into a larger piece 

of wood, which forms the ſtand or baſis of 
the inſtrument. The operation is as fol- 
lows : I hold this apparatus by the laſt- 
mentioned picee of wood in my left hand, 
and keeping the plate in an horizontal 
Situation, let the piece of zine or other me- 
rallic body, fall upon it from my right 
hand, which I hold a few inches above the 
Plate: then by inclining or ſhaking the 
| plate, the piece of metal is cauſed to falt 
- upon. the table or upon a chair; from whence 
1 take it up, and again let it fall upon the 
tin plate, and fo on.—During this opera- 
tion, the tin plate muſt not be touched by 
5, any thing elſe belides the piece of metal 

which is under examination, As the glaſs 


Nicks which ſupport the tin plate, are never 


touched, there is no poſſibility of inducing 

any qther electrieity upon it, beſides that 
which is roduced by the contact of the 
other of but to avoid fuſpicion, when- 


8 e 


8 8 | periment, 
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periment, 1. always try the tin plate before 

I repeat that experiment, viz: apply it to 
the plate A of the multiplier, then work the 
find that the plate C of. the inſtrument 
' communicates no electricity to the electro - 
meter, which is generally the caſe, I c 
clude that the plate. is fit top the wap | 


ment. 


1 


. II. A piece of zing that weighed 
about ſix ounces, was dropped ten times 
ſucceſſively upon the tin plate. The plate 
was then. applied to the multiplier in the 
uſual manner, and aſter ten additions the 
electrometer was electriſied poſitively as i in 
the firſt ne hut to a greater 


* 
9 * 
n i 


was repeated wich only this variation, via. 
that the zine was now heated to about x19", 
he reſult was a higher degree of ele- 
trization; for after twenty additions the 
plate © cauſed. the pendulums of the elec- 
_ _m—_—_— tend the glaſs veſſel in which 
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they were contained >The cleftricity was h 


PO. * | 
1 repeated the two laſt experiments ſe- 


veral times, uſing the large piece of zine 
alternately hot and cold; but the effects 
though not preciſely 1 yet mad differed 


only 1 in _ 


Exp. IV. A ſhilling was dropped ten 
times upon the tin plate, which was after-. 
wards applicd to the multiplier, and. after 
ten additions the electrometer was made to 
diverge with poſitive electricity. In this 
experingent the divergency was not very 


great, but quite ſufficient to ſhew that _o 


electricity was ue” 


This experiment wing agen "a 


times, was attended with various events,-the 


electricity being ſometimes greater than at 


others, and once „ 


e ene 


i .v 1 


8 Exp. V. 3 


: —_— with a * * but after fifty 
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additions the electrometer was cauſed to 45 
"Ap very little with poſitive ne 8 1 


Exp. VI. The half crown was ads: . 
very hot, and was then let fall as before 
ten times upon the tin plate, &c. but the 
| ſucceſs was not diſſimilar from thet of the 
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. Exp. VII. A new guinea was owed 
ten times upon the tin plate, after which 
the tin plate was applied to the plate Af 
the multiplier, &c. After twenty additions |} 
the electrometer acquired a conliderable — 208 
degree of ry: nar dt ((( 


| | ap: vin. The guines was 1 to 
about 130”, and was then treated exactly as 
| in the preceding experiment. The electro- 
meter weed a nn pot of W | 
| * a | 4 
The. os „ Semen were 
repeated ſeveral times alternately, and the 
guinea was heated to different degrees; but 
from all thoſe experiments it appeared, that ng 
hs IE: electricity was greater when 
me: HT. {I 5 
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when the guinea was cold, and leſs when 
the guines was hot. Indeed in the latter 
caſe it was ſometimes, next to nothing, ſo 
| that it could be hardly manifeſted by three 
or four . e of about gh addi- 
tions. £8 of a 


Exp.1 Ix. A piece of copper, Gs a 
new halfpenny, was dropped ten times upon 
the tin plate; this plate was then applied 
to the receiving plate A of the multiplier, 
and the lever was worked in the uſual 
manner. Aſter twenty additions the elec- 
trometer was electrified poſitively by the 
plate C. The divergency of the pendu - 
lums was $ about an 8 of an — | 

* X. The 


; i bb. ts hs cn nt was : 
the piece of copper was Ard "heated to 
about 130˙.— The electrometer acquired a 
- ſmaller eg o PO WOT | 


FEE Exp; XI. A plocs: . : 
| that weighed about three ouness, was drop- | 
ped ten times upon the above-mentioned tin 


2 Ay eee eee 


* . . 


was uſed cold, via. of the temperature of 
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the electrometer ſhewed no divergency 
. whatever; I therefore repeated the. experi- 


ment ſeveral times, examining every part f 


the apparatus, and uſing every precaution 
that I could think of; but the reſult was, 
that the electrometer was either not at all, 


or very ſligktly, electrified; but when it 5 


was electrified I could plainly e Tue 
n . 2 oor IOy £44 


| Exp. XII. The platina c—— 
| about 130 and in that fiate was dropped 
ten times upon the tin plate, &c.— After 
twenty additions the electrometer diverged 
more than half an inch with negative elec- 
tricity. This: being an utexpedted effect, 1 
was naturally induced to repeat the experi · 
ment, not only under the ſame, but likewiſe 
under ſome variety of circumſtances. The 
general reſult was, that when the platina 


the air of the room, the electrometer ac- 


quired either no electricity at all, or a very 15 


ſmall degree of poſitive electricity; but 


_ when the experiment was performed win 
the platina heated to above 100, the clec- 


AHA DO the negative decricity, _ 


„ 145 1 A "Wn 
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Which, upon the whole, was ſtronger when 

the platina was heated to a greater degree. 
Sometimes the electricity was ſo ſtrong, 
that after twice twenty additions the elec- 
trometer would ſtrike e 
* e veſſel. 


Exp. XIII. A Se of lead, that ad 
a ſomewhat more than a pound, was drop- 
ped ten times upon the tin plate. After 
twenty additions, the pendulums of the elecC- 
' trometer diverged to about a quarter of an 
inch w__ PRs: ee : 


Exp. XIV. The preceding experiment 
was repeated with this variation, viz. that 
the lead was heated to about 130%. The 


electricity produced” was very little, but ne- 
_ gative; the pendulums of the electrometer 

diverging about one-tenth of an inch after 

three times I additions. > 


* 


Exp. XV. The fame experiment was 
repeated with the lead made hotter, and af- 
ter twice twenty additions the electrometer 


diverged upwards of half an inch with ne- | 
2 8255 1 porn | 


Exp. XVI. 
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Exp. XVI. The ſame experiment was 
repeated with the lead made ſtill hotter, but 
the electricity obtained, though negative as 
before, was however much leſs than in the 
preceding experiment; ſq that there ſeem 
to be a maximum in the degree of heat re- 
quired, for the production of the greateſt 
. quantity of negative electricity. This limit 
is obſervable with ſome other metallic ſub- 
ſtances e as with lead. - . : 


4 Exp. XVII. A piece of iron was e 
ped ten times upon the uſual. tin plate, 
which was afterwards applied to the receiv- 
ing plate of the multiplier, &c. The ſame 
piece of iron was alſo uſed in different de- 
grees of heat; inſtead of this ſmall piece a 
much larger lump of caſt iron was tried in 
the like manner; but the reſult of thoſe 
experiments was very equivocal, the elec- 

tricity acquired by the electrometer, after 
twice or three times twenty additions, be- 
ing always very weak, ſometimes negative, 
at other times poſitive, and often not per- 
ce ptible. It emed to follow , no n 
hy, 4 


s - * # 
1 # id : 4 < * 4 — 8 
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Exp. XVIII. A piece of grain tin, that 
_ weighed about four ounces, was dropped ten 
twenty additions the pendulums of the 
' ele&rometer diverged _— eee 
_ with * gs: Sf 


| Exp. XIX. The fame pigce aft tin was 
| heated to about 130", and was then treated 
exactly as in the preceding experiment.— 
The electricity obtained was ſtronger but 
ſtill poſitive. In other ſubſequent trials this 
increaſe of electricity kept pace with the in- 
cCreaſe of heat; but when the tin was heat - 
ed ſo as to be not far from a melting heat, 
the electricity though of the ſame quality, 
was however ADA eng ey nds 6h 
5 pn e 4 


Arp. XX. The un a being 91800 . 
to the temperature of the air, I repeated the 
18th Experiment with this variation, viz. 
that inftead of the hand as uſed in the pre- 


_ ceding trials, the tin was dropped upon the 


plate from a pair of iron tongs, and after it 
had been let fall from the tin plate upon a | 
chair, it 1 Was from thence _ up again 


Fe” 4 6 , y 
, 8 * 8 
— - * 
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3 by meant of the ſame iron tongs: which I 
held in my right hand. After twice-twenty 


additions the 
| little but with W OY 


= XXI. The ca A 


was repeated with the tin made hot, and 


the electricity obtained was of the ſame 
quality but greater in quantity. The rer 
markable difference produced by the tin 
being dropped from the hand or from the 


iron tongs; the former electrifying the elec« 


trometer poſitively, and the latter negative - 


ly, naturally induced me to repeat theſe ſin- 
gular experiments ſeveral times, uſing al- 
ternately the iron tongs or the immediate 
application of the hand, but the reſults | 
were generally alike ; I fay generally, bes ; 
cauſe it happened two or three — 
amongſt twenty experiments and upwards, 
that the electricity obtained was different 
from what I expected. Whether thoſe un 
uſual effects originated from ſome overſight 


in the operation, or are to be attributed to 
ſome other circumſtance, I cannot poſſibly . 


pretend to determins. Certain it is, that the 
= es Eon et per- 


"I. y 
4 
* 
- 


"Q haps 


ectrometer eee wo 5 5 


4 
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" haps ſome other cauſes, frequently concur 
to alter the effect, or intirely to change the 
electricity from poſitive to negative, or from 
the latter to the former, which will be more 
_ evidently ſhewn by the following 9 53 
ments and W e 2 | 


N XXII. A piece of biſmuth, weigh- 
ing about an ounce, was dropped in the 
\ uſual manner ten times upon the tin plate. 
This plate was then applied to the receiv- 
ing plate of the multiplier, and after twenty 
additions the a * * 

. 


N XXIII. The . et 
vas repeated ſeveral times over, with the 
piece of biſmuth made ſucceſſively hotter 
and hotter. The reſult was, that the 
quantity of electricity gradually became 
ſſmaller and ſmaller, and at laſt it became 
poſitive, but its quantity was then very 
ſmall indeed; for after three times twenty 
additions, the pendulums of the electrometer 
diverged about one-tenth 'of an inch. It 
was however ſufficient to ſhew, that in biſ< 
muth the electrical phenomena follow an 
od, EE St , af 
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order different from that of the generality 


of metallic ſubſtances; for with ſeveral of 


them the heat ſeems to diminiſh the 2 | 
tive electricity, and at laſt to change it to 
negative, whereas with biſmuth heat FO: 


it from negative to We 


The peculiar. en er bimath, | 
= s ſhewn by the two preceding experi- 
ments, naturally ſuggeſted. the neceſſity of 
examining very particularly into the con- 
curring circumſtances, in order to Ae 
whether the peculiar effects produced by 
the experiments on biſmuth, were _ 
owing to the nature of that ſemimetal or 
to ſome accidental circumſtance. The firſt 
ſuſpicion fell upon the ſhape of it; for the 
piece, which I had uſed, was a fragment 
from a larger piece. It had been broke off 
by a ſtroke of the-diiades; ap fan. 


courſe: very irregular, and full of ſharp edges 


off in the act of dropping the piece upon 


the tin plate. To put therefore this poſſi- 
ble ſource of error out of the queſtion, I 
. fuſed a quantity of biſmuth in a crueible, 


r 
ab, 


- 


126 A ComPpityTe TREATiIgt 
like as poſſible to a piece of tin, which 1 
had already uſed in theſe experiments, and 
which, I knew, would electrify the elec- 
trometer | poſitively when treated in the 
above-deſcribed manner. With thoſs two 
pieces I repeated the experiment a great 
number of times, alternately uſing the tin 
and the biſmuth, and took care to perform 
every other operation exactly in the ſame 
manner; but when the piece of tin was 
uſed, the electricity acquired by the elec · 
trometer was poſitive, and when the biſ- 
muth was tried, the electricity was nega- 
tive, excepting when either of the two me- 
tallic pieces was too much heated. Theſe 
experiments therefore ſeem to prove, be - 

yond the poſſibility of doubt, that there is 
- . Comething in the very nature of a metallic 
body, that diſpoſes it to part with or to at- 
a e e eee ee 25 


ure ebd. 5 | 
— which I have hitherto | 


8 tendency of metallic bodies, to part with 


mme enn ee 
8 mn rr ks 


” 


8 dos 


Exp. XXIV. 1 hat SE 


_ whether the application of the lev tongs 


to the biſmuth, was attended with any pe- 
; culiar p enc menon, and for this purpoſe 1 
dropped the piece of biſmuth from the 
tongs upon the tin plate, exactly as I had 
done win che tin in Rxperiment the nech 
The reſolt was, that the electricity im 
parted to the electrormeter was now poſitive, 
whereas when the hand was immediately 


applied to the bifmuth, the eleQrometer | 


was electried negatively. * I own that 1 
am at a loſs to account for thoſe  pheno- 
mena. It is however evident, that differ= 
ent metallic bodies have a different affinity, 


or attraction, towards the electric fluid: 8 
and that in conſequence of this diſpoſition. 


(which ſeems to be inherent in their na- 
* = not . owing to external 


* 
* 
= 
4 — 4 . F 2 * 
* f 7 3 5 
5 4 
A - 

» * * o 

5 - s 
: 


Erez rv, tay 
er attract the electric fluid, is the action of 
Heat. Had that action produced the ſame 


change in them all, an hypotheſis mighe 
perhaps have been formed on the principle 


an 


A 
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configuration) their contact with one ano—-— 
ther, or with the air, is ſufncient to diſturb 8 
the electric equilibrium. 


- Hitherto the metallic bodies had been 
dropped ſucceſſively upon the ſame ſub- 
ſtance, viz. the tin plate; and by this means 
I endeavoured to form a table of their re- 
ſpective properties; but the great difference 


obſerved in the reſults of ſimilar trials re- 


peated at different times, and eſpecially un- 
der different ſtates of the atmoſphere, prov- 
ed, firſt, that great accuracy in the deter- 
mination of thoſe properties was not to 
be expected; and, ſecondly, that the pheno-— 
mena obſerved in theſe experiments are in 
a great meaſure to be attributed to the ſur- 
rounding air, or to the diſpoſition of the 
weather. In order to carry on this inveſti- 
- gation, my next object was to drop the me- 
tallic bodies upon ſome other inſulated me- 
tal, and for this purpoſe I faſtened a large 
ſilver ſpoon upon an inſulating ſtand, like 
that of the tin n uſed in the e 
| fan | 


Exp. XXV . 


with the 
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F on 
"130. 4 cone W un. * 
out of the window, and made the piece * 


nine ſo hot, that I could ww 
handle it. The reſt of the experiment was 
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performed in the ſame manner as before. 
After twenty additions, the pendulums of 
the electrometer ſtruck ee 8. of Ge. 
_ glaſs veſſel. Td. electr 


as before. 4 3 , S 4 | » 2 * £ 1 5 * * . „ . . > 
i E * 4 i """ a 
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Yds, ted 
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3 XxIx. The. e 0 * 
ww metallic bodies were reverſed, viz. ie - 


was heated, and the zinc was cooled 


out of the window ; the other operations 


were performed in the uſual manner. The 
dlectricity obtained was poſitive, but ſo 
weak that, after twice) twenty additions, 
the penduluins of the electrometer hardly 


"a one- eighth of an inch. On the 


day 1 this experiment over 


oyer again; ſomtimes heating the 


DR and at other times heating the ine 


to various degrees of heat. The event 2 


the whole. was, that the electricity 


0 7 to the olecttometer Was always 


n It was ſtrongeſt when the filver 


3 -was cold and the zinc bot; but it 
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ith difficulty 
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be ſame tem perature, „and followed the 
fle deogeaſs beyond that limit, viz. ben Ki | 

5 the ſilver ſpoon was uſed hot and tlie zine” "of 

cold. But it is very extraordinary, and in⸗ . 
ded it ſurprized me 4 good deal to find en 

repeating the ſame experiments on two 3 

ſucceeding days, that the'eleicity obtaig= - 

ed wag ſo very weak, that it could" be 4 | 

_ obſeryed lia the ſpoon was of the . 
temperature f the atmoſ phere, and the” _ " ** 

75 einc was heated a little. Every precdu- be; 
Ss tion I could think of, Was found inſufficient th. 4 + 
to produce the ſame phenomena} as Fhad * . © 

75 obſerged* in he 2 5th, 20th, apth, 28th, a 

and Experiments, The only differ- 1 e 
POE: could remark was in che diſpolition* 1 
; <P the atmoſphere; on u the firſt day the. . oe * 
Wind being eaſterly, and the air very clear 2 
and dry ;*Whereas' on the other days n 
ky weather was Tai nd the wind w weſt 
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_ +: Moſtof e e 155 been W. l 
- pektcs ſince in different fates of the w — 
ther, and with ſonis' variety in the opera- 
* tion, but no detefminate law could be . * 
; the cledrſcity Inhijined" beg 


+: * 
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ſometimes ſtrong. and at other times * - 

weak, as to be manifeſted! with diffcult) | 
The ſtate of the atmoſphere is certainly $9 

concerned in i, the electricity bei 8 gebe FER 


+ rally, though not ee, ſtronger 1 in dry 
and cold: Weather In that ſtats of the ” 
weather I leave the filver ſpoon or tin plate 
in its uſual temperature, heat a piece of zine 
ot tin to about Lt | or D een 2 5 85 | 
fron my hand into t ie” ſpoon about 
dozen of tines, then apply the e | 
the receiving Pare of the multiplier, and 
 aftep twice twenty additions, I almoſt als. 
ways obtain Tome poſitive electricity, which © Nh 
An chat the poor ieleftrifed negatively, + : 
by the et ntact of the zine or ein- Wien 
the experiment is repeated: cxaRly in. the 1 3 
- eme manner, but with biſmuth inſtead i -- ny 
2 wot or tin, the electricity obtaiged 3 is nega- . 
ve, ſhewing that the {poon is ele 
ee the contact 'of the biſnagth, . 
eſpecially when. the biſmuth' i: is cold ; Sat ** 0 
itt be Heated to about 200, and vpwards, the | 


„ 


* rometer will be ele chi 7 
it ſeems therefore evident, That the produc 
"tion of different electricities cities wing 0 5 
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q Fi 8 Tz tried the experiment in 45 
* eat variety of Ways, viz. inſtead of . 
113 and, I droppe 
F * beld with one : hand, into. the ſpoon ot 
. * from the latter back upon the former. 

b $2 thi 


ha 


= ofd I likewiſe tied a filk thread to the 
E * J denne, and holdin g the: He ORE: mity of the 
EH 

= peatedly againſt the ſpoon ; büt in thoſe 


0% _ 
$ 3 „ e was very favourable, 
| : F 38ethen the electricity © could with difficulty 


"it; manifelted. However, When the tin 


8 Fond ibm it into dhe infplated, ſpon, © 
renee Me ron. 


5 . * r 


RI 2 - Ages 5 3 5 — * the ieee 
9 4 experiments, I ill doubt whether the phe- 


nomena of Animal Electricity may "be attri- 


- buted' to the electricity generated by the 


1 4, 
+ > tionpf the fame metals. upon prepared an- 
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. wal N produced effects as fluctuating. 
as thoſe of the preceding experiments, we 
might without heſitation haye admitted uo 

propoſition; but When we- find that* in 

» #ffereng ſtates, of the «cmolghige;the adtion % 

of metallic bodies produces the Sn EY 

of prepared animal limbs, with' Hardly” any”. 2 | 

3 difference; and, when we l wu 

"ter N and 1 which bog 


8 / * more "generally, produce x 
electricity, yet they are 5 More poWer- 
{4 1 exciters of. Animal e e hug ine 
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_ duces 2. ſenſible. quantity, of cleEficity in, 
moſt caſes, i it is likely that” they always pro? 
duce, ſome electticity, which may be too 
; . * little to. be rendered manifeſt, by” the. 9 

2 „ and eee, 8 may * 
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to ſome other property of metallic' ſub- 2 
ſtances, independent of electrieity? — It 


„ 


| . ſeems, however, proper to, ſuſpend for the 32 « 
| /- Preſent. any haſty 'coneluſion, Which may, 
- miſlead the inquirets into this new ſubject, 


8 . and to wait for, farther: diicaperies; and 
P more deciſive experiments. I ſhall chere- 
% ors conclude his: ſcction. with a ſhort enu- 
meration of the particulars which the As 0 5 4 
_ ecdiog experiments ſeem to e . 
* ny 4 4 3 + „ 
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«In "the reſult of the experiment ; for the va- 
riations of any. one of them, when every 
| thing elſe remains unaltered, produce dif- 
| ferent effects. Thus in different Rates of 
the atmoſ phere, the very ſame metallic 
ſubſtances treated exactly in the ſame man- 
ner, produce a greater or leſs. quantity „K 
 elecfcity. Thus alſo, by only heating or 

cooling the metals, the electricity ay be 
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2 the elementary heat; if however) the er 5 N 5 
pPeximients felative to this ſubject. be Ses Sa. 
- +, tally” tried, under all the vatiety: of cit. 
8 cumſtances avhich the combinglion %of . * ” 
F - aboye=metitioned: caſes i 18 capable of IRS 2 

* "ducing, I do not doubt but that 

Phenomena obſerved in the l 

Pages may hereafter he recpnculed fo one; 
1 ö a few, fim ple laws, Which will a / Hen — 
4 db time aſſiſt the farther eee 8 


ag © the electric fluid, as they have for holding "Ty" 
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7 N ip Evench eher of the Sueth {too 
1 of this treatiſe, mention is made of ſome 

- © configurations deſcribed by Profeflor Lict» 
2 BERa, of Gottingen, who firſt obſery- / 
2 41 ed them upon a large electrophorus; ; and. 
on the ſame chapter ſeveral experiments 72 

«. related, "which were made in explanation of 
By, thoſe phenomena. / Since the original diſ- 


* "of © covery-of thoſe configurations by Profelfor 
2 58 * LicaTENBERG, diverſe methods have been 


contrived of producing them; and of owe! BY 
kelly DN, 1 Auk, -refinous ſubſtances, 
fy, Their various ſhapes and ramifica- Y 
tions afford a good deal of information to 
by & + abe ſpeculative electrician, by ſbe wing in 
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en ELECTRIC 17 v. 14 1 
N 0 the cleQricity in a convincing! and 5 
Permanent manner. But independent of _ * + 
this ſcientific inſtruction, ſome of thoſe im. pn 4 
preſſions are very denttibil ornaments, and Ya 
as ſuch, it is not unlikely, that they maß . 
28 be inmded in various manu 8 1 


$. 
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The bee 04 of gte, 
impteſſions is in general, to Electrify A per- 
fect. or imperfect electric, and then to.throw: +. 5 | 
certain powders upon it, which will Alpl 5 5 » 3 4 


their particles into various forms. Thoſe 


. powders are projected different ways, Wich, i. 4 


previous to the particular methods of rm. 2 25 1 
ing thoſe impreſfions- The powders. may! * * wal 
be ſiftsd over the electriſied e ** — 


common ſieve; they may be tied up * . "a * * 
linen rags and ſhook out of ther; they, m/ 


72 


be projected by meüns of a bruſh and _ 2 
4 means of : a pa of we but a mor Fan” 
* _ pe aces by i a little of the powdery. 5 


between a finger and thumb, and drawing it oyer £ S 
bruſh, or by rubbing upon the bruſh a ſump of ſom . Ui --i* 


ſubſtance that is _ Kale into powdery fuk. x 555 1 
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bs. | wide.” If this bottle ſo prepared be held in 
B+ the hand, and be ſqueezed, by alternately | 
opening and ſhutting the hand, the pow- 
ders will. be peri, in a "oy "RR. 


x 1 

* ; 
; manner. ] : . 4 . | 1 

* f DE: of, *. os 8 ff * 25 ; : "oy 


bd fs ; 4 {As for e nature of the 0 EPI 
2 . ſubſtance that qan be pulverized ſuf- 
*, Geda fine, wall produce ſome conſigura- 
| E RX tions When projected upon an electrified 
A af mubſtance. * Thus chalk, ſulphur, einnabar, 


ed degoctions of colourin g woods, and many 


. „ others, may be employed: for 8 F 
- Either angle or . K * 
„ 4 | 


7 "Why I. Take a 72 of aal cleats. 4 
355 A y, bol@it- ſuſpended by one corner, or 777 
Vx: it flat upoh a table, and draw 
fa hack it the-knob of a . phial, mo- 
ä WET OT 
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* rubber, tie a tube of glaſs, wood, or me- 
x > put the powders which you want to 
pech, inte this bottle, and then tie a dou- 

EL, ble piece. of flannel c. er the aperture of the 
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roſin, dragon's blood, gum arabic, e evaporat- 


over the fur-: 
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| commipdious methudl i is the following: 1 N 
* i neck of a ſmall bottle of elaſtic” sum, 
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1 ae, with. I a ee 5 
Then lift up the glaſs, if laid upon a table, 
and, holding. it ſuſpended, project upon t. 
by means of the elaſtic gum bottle, a : . 
powder conſiſting, of dragon $\blood. and, f 1 
gum arabic in equal parts. "You, will. figd _ - 34.4 
powders will, be ſeparated pe | 
upon the glaſs the red powder, of dragon's. 3 
blood falling on certain places and the. © "ay 
whitiſh powder, of gum. arabic. falling. 9a, © 
certain other places, ſo as all together t 
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form an oblon g radiated track, evnfiſting of EE 


two colours, intermixed in a tb 


Ways x. =. 8 
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11 e pr 5 * hook: of. the. 7 
jar over 5, fra Sw f you: 2-6 & 1 


"as Na uy molt ä it. 2 1 
as before; ſeparate ſtar- like ure will be e 
formed about hole + points. bes ſtars, 4 
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* Having ſhewni in Sh ” chap. of che ach — that 12 
thoſe powders ſome of them a 
quire the poſitive, and others the negative electricity, . e 
need not repeat, in this place, the reaſons why tlie dragon DEE 
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on which ihe 8 * the 5 arte” ben 
touched . At A and B of fig. 6th, n 
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went with on thi ng viz. e 
den” phial be charged negatively, 
-of the- configuration 
from that occaſioned 
In this 


and generally a central ſpot. | 
x. wall be 9 


* 


Pl 


on ELECTRICITY. 145 
Inſtead of dragon's-blood and gum ara- 
bic, powders of other colours may be pro- 


jected upon the pane of glaſs, ſuch as pow- 


der of Pruſſian blue, ſulphur, vermilion, 
rofin, &c.; and thus the colours of the 


configuration may be varied. 


Thoſe powders adhere wake laſs N | 
flightly, viz. fo as not to bear being touch 


ed; yet if a piece of paper be laid on the 


painted ſide of the glaſs without rubbing it, 
and the edge of it be glued all round the 
edge of the glaſs, the figures may be pre- 


ſerved without injury. But a better me- 


thod is, to lay another pane of glaſs of the 
tame ſize upon the glaſs with. the confi- 


gurations, and to faſten them round with 


ſealing-wax, or a flip of Taper 0 over 
both their edges. 

lt powders of a 
for enamel - painting, be projected upon glaſs 


of porcelain, and theſe ſubſtances be after- 
wards expoſed to a proper degree of heat 


in an enameller's furnace, the configurations. 
will thereby be rendered indelible. 


Vor. III. I. Exp- 
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Exp. III. Take a piece of common writ- 
ing paper, hold it very near the fire, ſo as 
to render it quite dry and very hot; lay it 
flat upon a dry marble ſlab or a very dry 
table, and in that ſituation draw over it the. 
knob of a charged Leyden phial, then lift 
up the piece of paper by one corner, and 
holding it ſuſpended, project upon it the 
mixed powder of dragon's-blood and gum 
arabic by means of the elaſtic gum bottle. 
The configurations in this caſe are very 
beautiful, and may be made in various 
ſhapes, as of letters, ſtars, ſtripes, &c. by 
moving the knob of the Leyden phial in 
the deſired direction; but they are of one 


Colour, viz. red; for the gum arabic be- 
ing nearly of the colour of the paper, can- 


not be * upon it. 


| If the paper thus ak be held very 

near the fire for a few ſeconds of time, the 
powder of dragon's-blaod, being a reſinous 
ſubſtance, will be melted, and faſtened to 


dme paper; after whic h the powder of gum ny 
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Powders of other colours may be pro- 


jected upon the paper after the ſame man- 
ner; but unleſs they are of a reſinous na- 


99 20 


ture, ſo as to be eaſily melted by heat, it is 


N AI to faſten. ns to the pager. 


= 


operator to make thoſe impreſſions in a neat. 
and definite manner; nevertheleſs it will 
be proper, before we. deſcribe. the other 
experiments, to mention ſome uſeful pre- 


cautions. The charge of the Leyden 3 


A little experience will Pn pate ths: | 


phial for theſe experiments muſt be nei-⸗ 


ther too high nor too low; for in the 
former caſe, the figure obtained will be 


too confuſed and irregular, and in the latter 


: it will be too faint. ö In order to form 5 
neat and well- determined figure, and to- 


leave the reſt of the paper clean, the pow- 

ders muſt not be projected perpendicularly 
to the paper, but the ſtream muſt be 
thrown in a direction parallel to the ſurface 


of the paper. It is alſo neceſſary to per- 


form theſe experiments in as quick a man- 


ner as poſſible, for if the paper be ſuffered. | - - 
to cool too much, or 0 communicated 
| e ee 
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Paper. 


ſake of thoſe perſons who ate not unwit-. 
ling to. undergo the trouble attending it) 


A8 A Complete TREZATIS2 
electricity to diſſi pate, the deſired effect 


. 


f m. hies of the Nees db i 


preſſions may be made upon marble, by 
drawing the knob of the charged jar upon 


it, in the fame manner as it is done upon 
For. this purpoſe, the marble muſt. 
be made dry and hot. After the ſame 


manner. the configurations may be made 
upon All ſorts of electric or ſemi - electrio 


ſubſtances, and they may be preſerved by 


covering them with a pane of glafe, by par- 


tially melting either the 'refinous plate or 
thy powdery if hey are Sf eee 
or, laſtly, by tranſpoſing them from the 


electric plate upon a piece of paper. 


this laſt method is attended with 4 Bw 
deal of difficulty; I ſhall; however, (for the 


ſabjoin Mr. Bzwner's method of per- 
forming it, which is very minutely deſerib= 
cd in his * on n | 


Jo make ates 


| -"_ Brazil wood, put. it into a kettle. 


| 6& ' with | 
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« with as much water as will cover it, or 
rather more; alſo put in about an ounce 


32 gum arabic and a lump af allum about 5 
as big as a large nit, let it boil about 


« two hours, or till the water is ſtrongly 
coloured ſtrain off the extract into a 
te broad diſh, and ſet it in an iron oven, 
here it is to remain till all the water be 


* evaporated, which with me was effected 
< in about twelve hours; but this depends 
* on the heat of the oven, which ſhould 
% not be ſo hot as to endanger its burning. 


Sometimes I have boiled the ſtrained ex- 
. tract till .it was conſiderably inſpiſſated 
4*/before it was, placed in the. oven, that it 
8 n, be ſooner, dry. 


"Whey it i. quite dey hat apr e 
"Ws 4 it out of the diſh, and grind it in a 


< mortar till it be finely pulverized. In 7 


doing this, it/is proper to cover the mor- 


tar with a cloth, having a hole through 
* to prevent the poder from flying away 
and. offending the noſe, and alſo to do it 
out of doors if the weather be dry and 

«calm, that the air may carry away the 


85 2 alcaging, - and which 
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« otherwiſe is very diſagreeable. When 
„ground fine, let it be ſifted through mul. . 
„ lin' or a fine hair-fieve, returning the 

< coarſer part into the mortar to be ground 
again. When the grinding and ſifting 
« are finiſhed; the powder is ready for uſe. 
The reſinous plate I have moſtly uſed 
< was compoſed of five pounds of roſin, 
< half a pound of bees-wax, and two 
* ounces of lamp-black, melted together, 
and poured upon a board ſixteen inches 
« ſquare, with ribs upon the edges at leaſt 
« half an inch high, to confine the compo- 
« fition whilſt fluid; thus the reſinous plate 
« was half an inch thick, which is better 
* than a thinner plate, the figures being 
* more diſtinct. After the compoſition is 


A cold, it will be found covered with ſthall 
« bliſters, which may be taken out by holdsßz 


ing the plate before the fire, till the ſur- 
« face be melted, then let it cool again, and 
upon holding it a ſecond time to the fire, 
more bliſters will appear; but by thus 


|  "« repeatedly heating and cooling the ſur. Fe 
face, it will at laſt become perſectly 


* ſmooth.” Some plates were made ſmaller, 
his and the refinous confined to 
tz+ $ 4 We tho | 
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* the form of an ellipfis, a circle or eſcut- 
« cheon, by a rim of tin half an inch broad, 

| eee | 


" The next thing 1 hedges is to prepare 
the paper, which is to be ſoftened in wa- 
< ter, either by laying the pieces upon each 
* Other in a veſſel of cold water, or firſt. 
pouring a little hot water upon the bot- 
tam of a large diſh, then laying upon it a 
piece of paper, ſo that one edge of the 
paper may lie over the edge of the diſh, 
« to. remain dry, that it may afterwards be 
«© more conveniently taken up. Then pour 
« more hot water upon its upper ſurface. 
« Upon this place another piece in the ſame 


« manner, again pouring on more water, 


« and thus proceed till all the pieces are 
* laid in. By ufing hot water, the paper 


| * will be more ſoftened in a few minntez 5 


than if it . « whole 
cc OE : ? : 
Lewe Gynden n the 
4 refinous plate muſt lie horizontally, whilſt 
-<« the electricity is communicated, if the 
2 . requires any thing to be.placett 
| "be; 2323 | 
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= towards the plate. 
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t upon the plate: but it is convenient af- 
« terwards to hang it up in a vertical poſi- 

* tion whilſt the powder is projected, left 

* too much powder ſhould fall where it is 
«© not required. 8 


„A little of the powder may be taken 
% between a finger and thumb, and pro- 
* jetted by drawing it over a bruſh, or, 

which is better, a quantity of powder 
* may be put into the beHows and blown 

When the figure is 

« {ſufficiently covered with powder, let the 

* plate be again laid horizontally upon a 

4 table, then take one of the ſoftened pa- 

“ pers out of the water by its dry edge, 

< and lay it carefully between the leaves of 

% book, preſſing the book together, and 

< Jet it lie in this ſituation about half a 

minute. Then remove the paper to a 

: « dry place in the book, and preſs it again | 
about the ſame time, which will generally 

be ſufficient to take off the ſuperfluous 

«moiſture, Then take up the paper. by 

s the two corners of its dry edge, and place 

the wet edge a little beyond the figure on 
* reſinous * lowering the reſt of 
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the piece gradually till it covers the figure 


© without ſliding, then lay over it a piece 5 


of clean dry paper, and preſs it gently, 
« Jet it remain a ſhort time, and then rub _ 
it cloſer to the plate with a cloth, or, 
« which is better, preſs it down by means 
« of a wooden roller covered with cloth, 
* taking care that the paper be not moved 
« from its firſt poſition. When the paper 
* 1s ſufficiently preſſed, let it be taken up 
I by its dry edge, and laid upon the ſurface 
« of a veſlel of water with the printed ſide 
« downwards, by this means the ſuper- 
* fluous powder will ſink. in the water, and 
s the figure will not be fo liable afterwards - 
« to. ſpread in the paper. After the paper 
has remained on the water during a few 
4% minutes, take ĩt up and place it between 
< the leaves of a book, removing it fre- 
< quently to a dry place. If it be defired _ 
that the paper ſhould be ſpeedily dry, let 5 
the book- leaves in which it is to be 
placed be previouſly warmed, and by re- 
5 „moving it to ſeveral places it will be dry 
* much ſooner than by holding it near a 
4 fire, and without drawing the Paper | 
9 crooked. ed mg above procels, 1 it is ob- 
. „Vous, N 
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is vearer or farcher from each other. 
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« vious, that leather, callico, or linen, as 


& well as paper, may be printed with theſe OS 
* figures, and the effects of the diffuſion 


« of electricity upon a reſinous plate be 


« exhibited to thoſe who have not leiſure 
© or inclination to perform the experi- | 


FE ments. | | * 


Ap V. A very regular figure may be 
formed on the ſurface of a reſinous plate by 
the following means: Lay the reſinous 
plate upon a table; inſulate one or more 
pointed wires over the plate, with their 
points directed towards its ſurface, and 
at about the diſtance of an inch and a half 


or two inches. Then by touching thole 


wires alternately with a poſitive and a ne- 
gative Leyden phial, throw the alternate 
ſparks upon the reſinous ſurface ; and after- 
wards, by projecting different coloured pow- = 


ders upon the plate, you will obtain very 
regular figures, conſiſting of concentric 
zones of different colours, which aſſume the 
form of circles, ellipſes, or other curves. 


according as one or more pointed wires are 
uſed, and according as thoſe wires are | any 


Exp. 
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Exp. VI. Cut a figure of any ſort out of 


the middle of a card, as for inſtance a 


profile, a flower, &c. Place a piece of 
white filk (white ſattin anſwers very well) 
upon a table; lay the card upon it, and a 


gold leaf over the card; in which firuation - | 


it is evident that the gold leaf will touch 

the filk only within the limits of the figure 
that has been cut out of the card. This 
done, lay another card over the gold leaf, 
and put a book, or ſomething elſe. heavy, 
upon it to- keep it down. Care, however, 


muſt be taken to leave two projections of 


the gold leaf out of the card at oppoſite | 


ends. Laſtly, if you ſend the charge of a 


battery through the gold leaf, by conne&- 
ing one of its projections with the inſide, 
and the other with the outſide of the bat- 
tery, the gold will be melted and forced 
into the ſubſtance of the filk, ſo as to ſtain 
it with a purple ſpot of the ſhape and fize 
of the figure cut in the card. The battery 


for this experiment muſt have force ſuffi» 


cient to melt the gold leaf completely. I 
need hardly obſerve, that by changing the 
5 e 
| - cards £ 


Holding the paper very near the fire for a 


impreſſions made in this manner, are in 


* 
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card, many beautiful ornaments may, by 15 


| this means, oy marked upon ſilk. 


Exp. VII. Hold a piece of 5 pa- 
per near the fire to render it dry and warm: 


8 then lay it upon a table, and rub it with a 


dry hand, which operation will electrify the 
paper. Now light a piece of ſealing- wax 


with a candle, and after having ſuffered it 


to burn for about five or fix ſeconds of 


time, lift up the excited paper from the 


table, and hold it up by one corner; blow 


out the flame of the ſealing-wax, and pre- 


ſent the melted end of it to the paper at 


the diſtance of about an inch, moving it in 
various directions very quickly. In doing 


this, the electricity of the paper will attract 
the ſealing- wax into the ſhape of. exceed - 
ingly fine filaments, which may afterwards 
be melted and faſtened to the paper, by 


ſhort time. A ſmall piece of ſealing-wax 
ſuck upon a wire or a pin, anſwers better 
than a common ſtick of ſealing-wax. The 


7 general not ſo beautiful as thoſe deſcribed 
in the preceding pages; yet this experi- 


<a 
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ment is attended with a conſiderable ad- 9 
- vantage, which is, that it does not require : 
the electrical machine, or other apparatus | 
and may of courſe be performed in any 


* 


* 
% 4 
2 ' 
/ 
1 
* 
2 y +» — 
- 4 
\ 
— 
p ® 
* . * —_ 9 5 
— ny "4 
* 
, — * 
* 
* „ 
* 
— % 
» : 
4 , 
: - 
* 2 
z # 
- 
* 
of 
* 
# 
= 
5 
« 
o 
— 
- # » 
- 
Sor — 7 
- * 
4 * 
x 1 
* 
— - 
. ak 
” 
48 
- > 
— + * * 
4 - LY 
* 1 " * * 
\ * 4 * 
* - > 
* 
— — 
* 5 — x 
D - ; FE 
* ny” ** 
> 6 . * 
o 
45 | [ 
oO P 
— _ Þ 
* 
& * 
— 
* 
1 
„ 3 
* 
* — 
* 
* * 1 
. - # 
* 2 


r;8 A ComPLETE TREATISE 


or Tus 
EFFECTS produced by ELECTRICITY 


On permanently ELasTic FLv1Ds, and on WATER- 


IN the preceding volumes of this treatiſe, 
notice has been taken of ſome effects 
produced by Electricity on certain perma- 
nently elaſtic fluids, and likewiſe upon 


water; but ſince the third edition of my 


treatiſe, ſome capital diſcoveries have been 

made relative to this ſubject, which, beſides 
their being remarkably curious in them- 
ſelves, are likely to unfold ſome general 
operations in the grand laboratory of Na- 
; ture. , 7 


With reſpect to the permanently elaſtic 
fluids, it has been diſcovered, that by the 
action of Electricity a mixture of dephlo- 


: n and common air, or of dephlogil- = 


1 ths 


- 
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ticated and phlogiſticated air, is converted 
into nitrous acid; and with reſpect to wa- 
ter it has been found, that by means of 
electric ſhocks, that fluid is converted into 

an inflammable and permanently elaſtic 
fluid, reſembling a mixture of inflammable 
and common air, which by inflammation is 
again converted into water. The firſt of 
thoſe diſcoveries is due to the genius f 
Henry Cavendiſh, Eſq; F. R. S. and an 
accurate deſcription of his experiments, . 
was publiſhed in the 75th and 78th vo- 80 
lames of the Phil. Tranſactions, from which 
the following account has been extracted | 

moſtly in his. own words. 


The quan tity of a air 1 which the 
electric ſparks were required to be paſſed, 7 
was confined in the angular part of a glaſs 

tube, bent to an angle, and inverted with its 
two open extremities in two glaſſes nearly 
full of quickfilver ; the remaining cavity of 
the glaſs tube being likewiſe filled with 
ings *. In n order. to force the elec- 

| DO | tric 


© Tho re of th tbe maſt ſd fr ho exper ; 
ments, was about one-tenth of an inch in diameter ;. and 


: 2 e. 
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tric ſpark through the tube, a. metallic ball 


Was inſulated at a ſmall diſtance of the 


prime conductor of an electrical machine, 
from which it received the ſparks; and a 


communication was made between the ball 
and the qu ickfilver in one of the glaſſes, 


while the quickſilver of the other glaſs 
communicated with the ground. In theſe 


experiments the electrization muſt be conti- 


nued for a confidezable time. If the elec- 
trical machine works well, its prime con- 
ductor giving between two and three hun- 
dred ſparks in a minute to the ball, and if 
che machine be worked for about half an 
hour a day, the experiment will hardly be 
completed in a fortnight or three weeks 


PL 


0 „When the electric ſpark was made to = 
. © paſs through common air, included be- 


the length of the column of air occupying the upper, and 
middle part of the tube, was in general from 14 to | of 
an inch. The tube was firſt entirely filled with quick- 
ſilver, and was inverted with its extremities into the 
quickſilver contained in the two glaſſes; then the proper 
quantity of air was introduced in it by means of a well- 


- contrived apparatus, which is queer = 
; . — nn 


N teen 


0 


1 


a 4 


. 


a, 


: - 


* tween ſhort columns of a ſolution of 
4 litmus, the ſolution acquired. a red co- 
«Jour, and the air was diminiſhed con- 


* formably to what 1 was py by Dt: 


2 


5 5 « When W e was uſed ideen of | 
* the ſolution of litmus, and the park was 
continued till the air could be no further 
« diminithed, not the leaſt cloud could be 
perceived in the lime-water ; but the air 
was reduced to two-thirds of its original 
„bulk, which is a greater diminution than 
it could have ſuffered by mere phlogiſti- 
cation, as that i is very little more than ons 


40 fifth of me whole. 7, 


The expetinitat- 1 was what Haba 


« with . ſome impure- dephilogiſticated ait; 


«the air was very much diminiſhed, but 
_ .«« without the leaſt cloud being produced” : 
es in the lime - water. Netther was an 
cloud produced whet! fixed air was let um 
o it; but on the further addition of 4 


5 little cauſtic volatile alkali, 4 dome kek. 


„re l e. | 5 
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"© 40 Hence we. may conclude, that the 
cc lime · water was ſaturated by ſome acid 5 
cc formed during the operation; as in this 
60 caſe it is evident, that no earth could be 
« precipitated, by the fixed air alone, but 

' « that cauſtic volatile alkali, on being add- | 

on” cd, would abſorb the fixed air, and thus 

« becoming mild, would immediately pre- 

64 { cipitate the earth; whereas, if the cartk 

« in the lime-water had not been ſaturated 


6 « with. an acid, it would have been precipi- 8 


AI tated by the fixed air. As to the brown 

« colour of the ſediment, it moſt likely pro- 

R ceeded from ſome . Aue Err hay- | 
* ing been diflolyed.” 


ey 


Mr. Cavendiſh made 3 eee 
in view to determine what degree of 
purity the air ſhould. be of in order to be 
diminiſhed moſt readily, and to the. ag 
degree; and found, that goed. dephlogiſti- 
| cated air was: diminiſhed very little; per- 

e phlogiſticated air was nat ſenfibly di- 
nns but 2 mixture, of dephlogiſticared, | 


1 1 ELSA 766 | 
| | the baten wis e e e - | 


Abe Ii . n 2117 £7 out 9 1 | N 


: N i953 * ho Sd 7 
„ 1 Having: ne ge, theſe PRI Zoo Ol 
, P —— the! tube 2 little 
. en- and ee W e 
« abaro-arationed; n which —_ F- 16 
ing te the top of the tube, divided: the 1 -l 
. „ ſoap-lees into its two legs. As faſt ass 
. _ © the; air was! diminiſhed by the electric 1 
| park, I. continued adding more of the _. 
K + ſamo kind, till no further diminution took 5 
* place: after which a little pure dephlo- 9 25 A 
e giſticated air, and after that a little com- "Ro 
mon air were r eee, | 
ing to ſome i nen. 1 propor- 
«6 tion of the two kinds of air to each 1 
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tens 9 4 From what follows it . „ 
« the air ceaſed to. diminiſh was, that as the ſoapclees N 
3 1955 then become rho ang no alkali x | 
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being then poured out of the tube, and 
ſeparated from the quickſilver, ſeemed. to 
be perfectly neutralized, as they did not 
at all diſcolour paper tinged with the 
« juice of blue flowers. Being evaporated 
to dryneſs, they left a ſmall quantity of 
. — + 
<« ed by the manner in which paper, im- 
n | 


Fer a ſatisfaction; Na ai | 
« periment over again on a larger ſcale... 
« About five times the former quantity of 

* ſoap-lees were now let up into a tube of 
A larger bore; and a mixture of dephlo- 
4 giſticated- and common air, in the lame 5 
< proportions as before, being introduced, 
* the ſpark was continued till Fo more air 
could be made to diſappear. The liquor, 
hen poured out of the tube, ſmelled 
 « evidently of phlogiſticated nitrous acid, 
8 and hang: . to * vield- 


« certainty, whether it was aaly that the diniinution went | 
« oxi remarkably flower than before, or that it was al- 
4 moſt come to a fland, and could not have been carried 


* much further, though hae A 
"Na 3 bY ; & . 8 50 * 4 
3 4 I Amb . G 5 
* 4 3 $ - 5 4 q | : 2 « * 
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. firſt experiment, the quantity of ſoaps : 
| flees uſed was 35 


8 1 «Little; and chere is no eaten do think th 
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ed 2 en which is pretty eriů 
equal in weight to the nitre which that 
© quantity of ſoap-lees would have afforded; 
_ * if faturated with nitrons acid. This falt 
was found, by the manner in which pa- 
per dipped into a ſolution of it burned; to 
be true nitre. It appeared by the teſt of 
terra pendergſa ſolita, to contain not more 
« vitriolic acid than the ſoap-lees them- 

< ſelves contained, which „ 


* any W ic entered into See the 
nog. wr E 2 ory mY 2 Nein er 2 
ne W n Athens OY 

The doph giſticated air 
going experiments was not extracted om 
nitre, but from the black powder formed 
by the agitation of quickſilver mixed with 
lead, or from turbith mineral. In the 


s, each of which 
was equal in bulk to one grain of quick- 
*ſilver; and that of the air abſorbed was 


L 416 ſuch meaſures of phlogiſticated, and 


_ © 914 of dephlogiſticated. In the ſecond - 


1 Experiment, 178 meaſures of | ſoap-lees _ 
20 were uſed, and they abſorbed 1920 f 


- 


"0 3 e « phlo= 
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0 Phlogiſ bicat ed air, and 4860 of dephlo- 
4 giſticated. It muſſt be- obſerved, how: 
ever, that in both ſome / 
temained jnithe tube uncondenfed. whole 
degmee of purity I had no way of trying ; 
te ſb chat the proportion of cach ſpecies of 
air ee ere v with much exðx 
60 actes. of. DB e SO 


„ #% a. ** 4 ws I 23 
n 335 4 48 24 Py 607 $44.43 CH 141 f 


 -Some/ time Aer us publication of 2h. 


abbve-mentianed diſcovery, Mri Cayendiſh, - 


in order to remove ſome- difficulties which 
bad prevented. the ſucceſs of other: perſons, | 
who had attempted to repeat his experi- 
mess, land likewiſe to. confire his fonner 
cations, cauſed. bis principal experiments 
to. Fe abies by a — in dhe 
conduit of: nice operations; but the re- 
ſiults, though attended Ahe in vnn | 
5 jo ins ee OED ee the 1255 


3 codficird 4 great d r viz. 
FDF | 
dure of dephlogiſticated and phlogilucated 
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, of formin g nitre when combined with an 
15 the” Gf Witte d f hid" 0 wreatiſe, the 
principal mechanical effects produced upon 
water by the electric ff parks | Rave been ſuf- 
ficiently noticed; but ſome remarkable « ex- 
periments were made not long ago, in 
which a decompoſition of water was effect⸗ 
ed by the mere action of electrie ſliocks, 
which converted it into an imflatimäble 
and permanently claſtic fluid, and this elaf- 
tie Huid being afterwards inflamed By the 


ſame electiic ſpark, was theteby again _— 5 


verted into water. In order to give m 


#2 


readers « a Jaſt a ccoutit of ole Valuable e 5 


periments, T al fubjoin 
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TROOSTWYK: au DEIMAN, to Mr. pz 


LA MzTuzz1s, on 4 new Method of © 


converting Water into dephlogifticated and 
e e IH 2. 5 GRORE 


Mo. 8 1 'S 3 
We 3 of you. to Inſert im your 3h 
| journal, the experiments and obſervations 
which we have the honour of tranſmitting | 

o you, upon a ſubject the moſt famous in 
- ee e natural philoſophy. 1 


. Fe ſatisfactory thoſe. experi- 


volsikR, and poſt of the French chymiſts 

have eſtabliſhed their theory concerning 

Vater, it muſt nevertheleſs be acknowledg- 
ed that they are not Arr, 3 | 


E18 ITY : 
ſite theories at preſent agree in 'the fol- 


es zei as well as water is obtained : 9 
. 3 255 | hy 


« 
1 * 
— hay; W 


ments may appear, upon which Mr. La. 


Jowing particulars: 1ſt. That by the com- 5 . 
puſtion of inflammable and dephlogiſticated LE wr 


* 
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adh That this acid was not accidentally 


contained in the airs employed, but that it 


is really formed in the act of inflammation. 


The fame thing however cannot be faid 
with reſpect to the water; for this may be 
| ſuppoſed to have previouſly exiſted in the 


two airs, which may be principally proved i 


by obſerving, that the dryer the airs are 


made before the combuſtion, the ſmaller i is - 


the quantity. of water obtained after it. 
: Upon the whole, it ſeems, that-the adver- 
ſuaries of the new theory have as much 


right to call the water an accidental ſub- 


| ance, as its defenders have for Ge 


in that light the acid which ee 


XY, the Sora nga... RE 
« The 3 1 water, Wo 
Bu it could be clearly proved, might decide 

this queſtion withabt leaving room fur the 
leaſt Uiffculty. Water has hitherto been 

decompoſed only by the aid of iron, a ſub- 
ſtance Which, by the action of heat . 
will produce a ſort of air, which is looked | 


upon as an elementary component of water. 


| | It may therefore be ſuppoled, that in this 
58 een * waer * WY. to den- 
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Lite iht ur more eigdy, und m Breiter. 


quantity from the metal, Which is naturally 
difpefed to yield it. Erch this theoty' ef 


the decotripoſition öf water is entirely 


founded üpbn an hy pbthefis; Which is not 
genefally adinttetl, viz. that the calcitation 
of metals Confifts ih nothing more than 


cir Oi yo with the Baſe of de phlo- | 


af. Thie eacinari6t Hel this 
ſeems not to have beet! fatisfac- 


 forily proved, ahd mafy phMlofophers entsr. 
Ei Uoubre Abu oo ad 2 


, ; | 
Tz 8 Fy 181 * <7 „ 1} + 811 "> 


e AF HHP Ee , / 
: 65 fic he rh weib der bf the Fiehch 


chymiſts concerning water; Has flöt deen 


hitherto rigorouſly proved, and though we 
6irfelves entertaitied the contrary dpidion Fg 


wee, However,” fit from meaning” f de | 
believe that we thay contribute Rada 


Bly toi the” eneiiifimebt' of the Fe, 
_ thevty ; fince we Have been fortunate ir 
N the difcovery of a method of decolfipofing | 


Vater, and of converting it into inflamma- 


be and dephfog ilticated air, in a manner 


which lem to exetude thi poffibility of 
3 e ONS 


= er Iz | 


this: airs des Jenin FR i a 
ſubſtance. 4 _ Ti A 23 2 


Pt 


7280 Gone > 9 7 * 


15 . 


Cuchberton, who has aſſiſted us conſidera | 
bly in theſe experiments, and whom e are 
very willing ſhould ſhare with us the-meritef - 

the preſent diſcovery) in an inveſtigation of . 


the effects of the electric ſhocks on differ 


ent ſubſtances, we had the curioſity of ob- 
ſerving its effects on water alſo... For this 
purpoſe we filled a tube of + of an inch in 
diameter and one foot in length, with du. 
tilled water. One extremity of the tube 
was [hermetically ſealed, and a i gold wire 
was eloſed in it, which ptqjected an inch 
and à half within the tube, The other 
extremity of the tube was immerſed in 
a ſmall glaſs yeſſel full of. diftalled Na- 
ter, and another wite paſſed through this 


Nr and went up into the tube ſo as 


to be ; of an inch diſtant frem tl firſt- 


N Gd wire. In order to tranſiait the 
electric ſhock from one of thole wires 8 
other, and of courſe to ker it paßt through 
the water contained in the tube betiyven the 


extremities of the two 8382 we placed the 
„„ deen 


8 
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'- mentioned-above, will be charged; and ſpontaneouſly dif- 
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5 cloſed end of the tube againſt a copper-ball, | 


— 


that ſtood inſulated at ſome diſtance of the 


prime conductor of our machine, and a 


communication was made from the extre- 


mity of the wire which ſtood in the veſſel 
full of water, to the outſide of a Leyden 
Phe the nin ſurface of which Was 
3 to one ſquare foot, and whoſe knob 
Dh nur rag with the 2 ee 2. 
0 « Trying els this pda the WY 
- of che electric hock upon the water, tlie 
vopper-ball ſtanding at a very ſmall di- | 
_ tance from the prime conductor, we could | 
not perceive any production of ait. Hav« 
ing increaſed this diſtance, and conſequently 
_ the ſtrength of the ſhock, we could ſee at 
each exploſion a ſpark on the exttemity of - 
_ each wire, and at the ſame time à great 
amen ou eee e air 


The de ted machins which we have uſd for hoſe 
| Experiments, conſiſts of two plates, the diameter of each | 
of which is. 31 inches, and its conſtruction is like that 
, of Tzvitk, (See p. 273. vol. II. of this treatiſe.) 
Its power is ſuch as that a Leyden phiat, like the one 


charged R 


p 
1 machine. Ma 
= 3 * . 
. 25 - 4 
* * 
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ed like a continuate ſtream between thoſe 
two extremities. The production of air 


was more abundant and the bubbles were 
larger, when the copper - ball was placed at 


a diſtance ſtill greater from the prime con- 


ductor, in which caſe à ray of light was 


| ſeen. to proceed into the water from the ex- 


tremity of the upper wire. The air which 


was thus produced, aſcended to the upper 


part of the tube, where it formed a column, 
which kept increaſing in proportion as we 
continued to tranſmit the electric ſhocks 


- through the water, till it reached the en- 


tremity of the upper wire, at which time 
the eledric ſpark, which was now obliged - 
to paſs through it in its way to the other 
wire, inflamed it, preciſely” in the fame 
manner as it does with inflammable air, and 
cauſed it to diſappear, excepting Aa 2 
ſmall reſiduum. Having removed that 
reſiduum, we again tranſmitted the electrie 
ſhocks through the water, which produced 5 5 


lumn 5 d . Irv | 
upper wire, the inflammation took place, 
and the air Ape msd all but a ſmall rei- ? 
. every 9 . exatly EO LS 


3 


another quantity of air, and when the co 
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Far of having obtained 1 
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che preceding experiment. We repeated 


the ſame experiment many times over, and 


eonſtantly obſerved the fame phenomena, 
excepting that the reſiduum of air remain 
ing after the inflammation. in each experi- 
ment, * to be * than in the 


1 2 


We ecaangt 4 he any longer in 


from water, viz. the — Es 


conſtituent element of mater: The: explo- 


property of this air, Which, as it is 
woll: known,: cannot take place without the 
preſence re eu, air, ſtems to 
point out the probability of the latter ſort 
of: air being likewiſe produced at eee 


time. It is however neceſſury, in order to 


remove ova 1 doubt, e prove in. 4 
lectric matter does 


not in the Jai cane to the produc-. 


| tian of the inflammable air; and, ſecondly, 5 


that the reſpirable air, which enables it to 


uke fire, is. not to be attributed io any com- 
mon air contained in the water or adhering 
to 282 * * the tube. 7 EROS. 


he 


# 


Me e ee s 
5 e Which, + Ws mee at | 
IRE pl, ip 1 ints. n g 


11 anti: 


The 8 hich we. thought to.be, 

p the eaſitft as well,as the beſt. calculated-to. | | 
_ clear the firſt difficulty, was to paſs the glec-. 

tric ſhocksthrou gh oil of vitriol, and through. , 
the nitrous acid, in the ſame manner as we © 
had paſſed them through water. When 
thoſe acids were uſed. inſtead of Sa tl - 
eſpecially with, the vitriolic, the pro 1 
of air did alſo take place, though. not T 

_ abundantly as from, the water: but when, 

the quantity, of. this air was. increaſed ſo far. 
2s to go beyond the extremity of the upper 
wire, the. inflammation did not take place; 3 
inſtead of which, the aygmentation- po- 

| ceded i in the ſame proportion, We there 
fore fa xQe — 
25 lie acid air, or the nitrous acid air; and ag : 
55 is knoyvn. that thoſe airs are abſorbed by, 

their reſpective. acids, we left them in that 
f fituation for a conſiderable time; but cheir 5 
wo dig. not ſuffer. the. kaſt. diminution. 

1 r. the roſe es Fon po nh apa. 
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ever ee AEEIanS air is mixed with ni- 


* e 
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enſued, like that which takes place when 


1 After having compared thoſe experi. 
ments together, we conceive we have de- 


' monſtrated, that the electric ſhock produced 


no other effect upon the water, beſides diſ- 
poſing the baſe of inflammable air to aſſume . 
its aeriform ſtate; and that in the acids it 
cauſes the baſe of dephlogiſticated air to 
aſſume that ſtate alſo. If the electric ſhock 


itſelf had contributed ſomething towards 


the formation of the inflammable air, it 
would not have detached from the acids the 


ve introduced a certain quantity of nitrous 
dir into the tube, and obſerved, that as ſoon 
as this air came to be mixed with the air 

contained in the tube, a diminution of bulk 


pure reſpirable air; fince by the admixture 1 


of the inflammable principle, this air would 
have been contaminated: and on the con- 


trary it would, agreeably to that prineiple, 


no doubt, but that the inflammable air, obs 


EM ; 


„„ —— — 4 
= 


a have produced the vitriolic acid air or the 
- nitrous acid air. There remains, therefore, 


at ” 
tained: from water, is derived from the Wa- 
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The next thing to: bs aſcertained: is, 
- whether the dephlogiſticatet air, e © 
| ſhewn'to exiſt in it by the exploſion of the 
inflammable air, derives its origin from the 
water itſelf, or froti portion of atmoſphe- 
rical at, that may either have been con- 
tained in the water, or may have adherg 
to che ſurfuce of the tube. For this pur- 
poſe we Judged . it neceſſaty, previous to 
making the experiment, to deprive: ow 
the water and the tube of whatey | 
they might contain, by means of the; "al 
pump, invented by Mr. Cuthbertſan, which | 
machine is capable of producing a greater. 
degree of rarefaction, chan och ofthe 


„the remaining ſmall 
quantity of air; 0 that by repeating the 
production of air, at 


ment PF times ores and to remove, after . 


its inflammation, We 


2 2 ſucceed r e che water: 


ver. III. 
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Purification by the.air-pump, might ſtill be. 
contained i in it; and of courſe to let the en- | 
tire quantity of air diſappear after the in- 


flammnation, or elfe that if. ſome atmoſphe- 
gcal-ait;yes; concerned in it, we might at, 


int 5 4 
ee e we ee the experi- 
ments, and in order to prevent the poſhbi> 
e of the, water abſorbing any air from 
the: atmabſpbiere, wr immerſed the aperture 
of the tubet in quickſilver. And to prevent 
the gald wirs being touched by the quick - 
aver. hen the tube: was; inverted;for the 
purpoſe: ofo letting out the reſiduum of air, 
we; made uſe of another tube haying, the 

ame diameter, and the ſame length as the 
: faſt, but bent towards its jower part in t 
manner ſhewn by fig. Sth. The lower wire 
was of gold as far only as the inferior cur- + 
tube, and two others which we. uſed after 
n, as well as: the above-mentioned ſtraight 
one, were all broken after a few: exploſions, | 
which ſhewed, that the weight of the 


. W me. e ee 7 


nene „ 


2 2000 Jour * 1 ©: wo ; . : 


| ſeatceljipoſibls to ads ene, 
experiments. In conſequence of which, we. 


were under the'-neceffity of immerſing the. 
tren —̃ KV | 
E — only 
been depribecꝭ of air by — Ban 
pump. We eontinied-to:afe the bent tube 
ſo chat in daſe the atmeſphere, by being, 
in contact with the water of the ſmail ve 
imparted to that water and to th W 
of the zube / a ſmall portion of ait ar ar 
mighkit not g farther than the upper part 
the curvatüre of the Tube. Me derived 
mother advantage fromithis 97 
was, has by ſaving an dumm? of ix a 


ud tdcdarlvedy/ the Dower ain acid = 
-infolf dn mort M eee e eee 3 
1 — ung of devgking the tube, 

and with more advantage, fince. the f _ 
ſhocks were attended with a more cpi N 
production of air; this expedient was mer? 
over abſolutely neceſſary, confideritig that 5 
the ſucceſs of the 3 09 the truth 
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are more: complete ain proportion as the 
qpemtion is performed i in a Horter time *. 2 
ow A214W 0 ap nö al. eien 
2:5 Inftradof leaving tho: diflneeof +:of 
an inch between the prime conductor, and 
the copper · ball which received; the electric 
ſparko and which was in contact with thei 
upper part of the tube full of water; we in- 
Anale wat diſtande to dne inch. At the 
fend tighe, in order to preyent the paſſage of 
the alectrie matter in the form of à conti- 
ndata n from one wie to. the other (Rich 
exeumſtance welhad obſerved frequently to 
agcaficy the/breaking of the tube) we placed 
the; der wire atithe diſtance: of one inch 
and a quarter fromm the upper ant. With 
this: diſpoſition of the apparatus, the pro- 
duction af air was ſo rapid, that, after 600, 
ſhocks, the length of the column cf air was: 
one inch and ith,and had verynearlyreached 2. 


Abbe n truth 7 . emark, was FORE by expe- 

rience, for when we tried the experiment on the fo | 
ing day, we were obliged to produce Wet dies 1. 
to inſlame it twice, before we could obtain a reſiduum ſo 
wall as we had obtained on the preceding day, after a. 
ſingle uiflammation. This difference muſt be undgubt- 
: ddty attributed to the common air, which, during the in- 5 
I N e W 
$38 8 the 
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the extremity of the upper wire. But as 
the expanſion of tlie water was now very 


the column of air was thereby 


interrupted; and leſt this accident ſhould | 


| happen when the columiiof air had Feach- 


ed the extremity of the wire; which'woald - 
have occaſioned 6 m nation 
| the air, we thought/pri r to diminiſh the 


force of the electric ſhocks.” In this 
ner we proceeded, till he air haviiche 


the extremity- of the wire, at" which" time 


the inflammation took place, and the co- 


hmmm of 'uly-difupplniety eue gt ü 
bubble of Arth of an ineh in diameter, Tbe 
tube was then inclined, ſo as to let the faid 


bubble come to the extremity of the wire, 


nd by ſending an ele&tric ſhock through/it; | 
the -inflimimation' again took. Place,/ and 
_ 5 bubble wt, aces n Lari. 


* o 


22 bk. 


$ 
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Je; Having expelled this: den reſiduum, 
we began to pro 
Was —— the ſame rapidity. The 
operation on was continued re che air reached 
the A of the wire. The 


confiderable on account of the ftrong ſhocks, 
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zuce the air anew;/which 
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Lech of an inch in diameter. A ſecond in- 
flammation, effected in the above-mentioned 
ee cauſed ae ee to 
diſappear. 
Berne 8 24117 12 gt .." $3 2 3: 
The third time the reſiduum was not 
more than th of an inch in diameter, but 
it ** to inflame it a ſecond 
oweve! : ſucceeded at laſt, and 
— mene a bubble extremely ſmall, 
the diameter of which e ee n 
Seth of a inch. a 


©. * 5 


* 4 .* # + 12 bt « F 
4 o 


- 
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=. en en be . 
deen produced with the ſame rapidity) all 
the column diſappeared, excepting a ſmall 
bubble of about th of an inch in diameter, 
which it was found impoſſible to inflame a 
ſecond time; but if we conſider the very 
ſmall ſize of this remaining bubble when 
compared to the total quantity, and likewiſe 
if we admit that the half of this bubble 
might, in all cnn boon diminiſh- 
ee ee ue ion, | Prov 
ourſelves authorized. to e that the ain 
en n 17 means to be wy 
A* 8 ute 
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buted to any common air contained in the 


water, or at leaft only to an exceeding ſmall 
quantity; which, in the firſt caſe, would 
have intirely difappeared, and this muſt 


have alſo happened if we could have pro- 5 
cceded farther with the' tucceſſive i ee 


mations. Es © : 25 | 


1 * 1 1 4 "# 12 2 8 \ E 
4 © g = 
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40 We hag ACA to add PO SiH on . 


5 experiments, and upon others that 


have formed the ſupport of the new theory 
concerning water, which theory has ping 


; confirmed me our 1 eee 


> 
. 21 


„We believe we be uit 
| monſtrated by our experiments, that water 


conſiſts of the baſes of inflatnmable, and of 


dephlogiſticated air. But let us n : 


| gether the Free arts : 


| 1. We have obtain 
which is the only ſort of air capable of 


' combuſtion; and dephlogifticated air, which 


is the only ſpecies of air that can aſſiſt the 


combuſtion. This has been you thy the 5 
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2. We have obtained nothing but thoſe 
2 ſorts of air, Which is proved by the 
diſappearance of the whole quantity of air 
* the laſt eee . 
1 x « The 3 air has Rk ally. 
produced from the water; for if the cleQric 
fluid had in any other manner contributed 
to the formation of the airs thus obtained, 
it would not have furniſhed, under the ſame 


circumſtances, two ſpecies of air ſo diſſi - 
milar as the dephlogiſticated and the in- 
flammable airs. This laſt mentioned air 
therefore is to be entirely attributed to the 


4. The dephlogiſticated air muſt like- 
wile derive its origin from the decompoſi- 

tion of the water, for if it were owing to 
ſome air accidentally contained in the wa- 
ter, it would not be purer than common 
air, which contains only a certain portion of 
dephlogiſticated air. In that caſe, the reſi - 
duum could not have been diminiſhed . by 
the ſueceſſive inflammations, nor would it 


have entirely * 8 
1 5. Laſtly, N 


en ELzcTRICITY. 16g. 
5. © Laſtly, As the air obtained from the 
water by means of electricity, is a mixture 
of inflammable and de phlogiſticated air, 
and as the inflammation converts this air 
Again into water, the ſame experiments af- 
ford a ſynthetick, as well as an analytic, 
| demonſtration, of the theory advanced con- 
cerning water. It naturally follows from 
thoſe experiments, that the portion of acid, 
which has always been found together with 
water after the uſual combuſtion of in- 
flammable and dephlogiſticated air, from _ 
which the opponents of the new theory 
"4 have derived a ſtrong argument in their 
favour, muſt be conſidered as an accidental 
production, which cannot poſlibly invali- 
date the propriety of the conſequences * 
Guces from the experiments. - Spain oats” 


— 


jp” 8 The 8 to e SR wh 
long fince explained, in a very ſatisfactory 
manner, the formation of this acid, which 
is known to be the nitrous, in the combnuſ- 
tion of the two airs; by attributing it to a 


combination of dephlogiſtated air with ſome 
phlogiſticated air, which may alwrays be LY 
_ -ſuppoſet to exiſt in dephlogiſticated air, as 
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this fort of air cannot be obtained perfectly 
pute by any known method. As ſome dif- 
ficulties have been ſtarted againſt this the- 
_ ory, we think it not improper to add a few 
ſhort obſervations in reply, though they | 
may not be immediately connected with 
555 8 ſubject of this letter. 5 . 


2 It has been objected, iſt, That the 
purer the reſiduum is after the combuſtion, 
(which ſhews that the dephlogiſticated air 

employed muſt have been purer and freer 
from phlogiſticated air) the ſtronger is the 
acidity of the liquor obtained ; and on the 
contrary, that when the reſiduum contains 
more phlogiſticated air, the liquor which is 
obtained approaches nearer to the nature of 
pure water. 2d, That by adding” phlogiſ- 
ticated air to the mixture of the two airs, 
the acidity of he liquor is diminiſhed ; - 
that if inſtead of dephlogiſticated air, com- 
mon air be uſed, which contains a confider- 


| able portion of phlogifticated air; the acidity 


der N be e 


e eee explain the 88 
we muſt obſerve, that the dephlogiſticated 


7 8 
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„ EL.£crncrrr wy 
air has a greater affinity to inflammable 
than to phlogiſticated air, and that it never 
combines with the latter, unleſs it cannot 
meet with a quantity of inflammable/ air 
ſufficient for its ſaturation. Let us there- 
fore conſider the differences which muſt 
atiſe, from uſing various en of in- 
enn and e 8 


* « Let the any of W air be 


invariably the ſame, and let the dephlogiſ 
ticated air vary in quantity; we-muſtdlike- 


wiſe ſuppoſe that the- bats: does: always 


which, "hp, combining with ch dephlogitt 
where the 1 opttined derives its aer 


ee U e e ee | 
quor will conſiſt of nothing but pure water, 
+ _  _——— e 


12. * If, there be an excels of dephlogif-. - 


n a the * * af — 
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will combine with the :phlogiſticated air, 
Fhe liquor thereby obtained will conſiſt of 
water and acid; and the remainder, if there 
be any, will conſiſt of nearly pure dephlo- 
c ed air. Both thoſe particulars are 
confirmed 80 Mr. Fine 8 . eee e 


941. 


3. The a objection i is of an equi= 
vocal nature; for if by the addition of phlo- 
giſticated air, it be meant, that the mixture 
of the two airs is increaſed by the addition 


_ of phlogiſticated air, it is evident that this 


addition cannot - occaſion any alteration in 
cated air meets with a great quantity of in- 
fammable air, it will not combine with its 
own portion of phlogiſticated air, and of 
courſe it will much leſs combine with the 
phlogiſticated air that has been added. 
_ eee Dr. PRISSTLEY'S 


fame reaſoning. muſt be A n at- 
. moſpherie air is uſed inſtead of dephlogiſ- 
air 3 lor when ue <Qharititios" ar. 

| alike, 
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alike, either no particular effect will take 
place, or the acidity of the liquor will be 
very flight; and the reſiduum will be more 
impure. If, on the contrary, the phlogiſ- | 
hoated air be added, and at the ſame timo 
| the quantity of inſſammable air be dimi- 
air remains the ſame; a portion of the lat! 
ter, becoming ſuperfluous, will combine witly 
the phlogiſticated air, and with. it will formt 
the acid: The reſiduum itſalf thay, in greas 


meaſure/ conſiſt of dephlogilticated veins 


Such las been the reſult of Mr nne 
Disk's experiments, who has proc 

the above - mentioned manner. It appears 
that for this reaſon ſuch reſults have been £ 
totally! ifferent froqr'thoſe/of n PRIEST< 
LEY (i! Ar 12 The 521 5 445 S eee 
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be explained, why the combination of de 
phlogiſticated and phlogiſticated air takes 
place in the ſaid combuſtion ; whillt 'the - 
electric ſhock is the only means by which 
chat combination can be effected - We have - 
felt che force of this difficulty too late, and 
8 where in our * ear 

f 8 1 M 
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it by 4 particular ſet of experiments; but. 

we ate led to believe, that the (cauſe of it 
muſt be attributed to the great quantity of - 
light Which is, manifeſted at the time of the; 
inſammation- Mt. BBR THOLE T has. iſ- 
covered, that the nitrous acid, when expoſed 
to the light, yields dephlogiſticatetd air. 
We have ohſerved this effect of light, not 
only upon the nitrous, but like wiſe on the 
vitriolie acid, when expoſed to the focus of 
2 burningeglaſt; and we have obſerved the 
ſate eſſect. when the electric ſhock: has 
been applied to thoſe acids. Having there- : 
fore. fewarked this analogy:between. light 
and electricity in the dec ſiti n of acids, 
t · ſeems probable, that che light manifeſted 
by the inflammation may produce an effect 
analogous to that of electricity, in the for- 
mation of nitrous acid, viz. to produce that 
acid by the combination enen | 
and . Sine , lers 

8 ig 5. | ie 

„ Alter 'A \ review-of-thak aliſon rvations, 

which convert one of the ſtrongeſt objec- 
ture of water, into an argument in favour of 
„ there ſeems to remain no 
4 C: | doubt 
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doubt with reſpect to the nature of water; 
and we may conclude with faying, that it 
conſiſts of the baſes of deph og 


phlogiſticated air. 3 3 


: Wer 251 VT ER. | 
It is TOO to add, for the atiafiftjon | 
of my readers, that moſt of the valuable ex- 
periments „ are mentioned in the pre- 
ceding letter, having been repeated in Lon- 
don, have been found. to anſwer in 
ner above. Rated with all the accuracy w which 
can be expected in ſuch caſes. Some of the 
obſervations might perhaps require farther 
elucidation and inveſtigation ; but this exa 
mination, would lead us too far. into L:4 Ap 
trine of perman ently claſti c fluids, 1 
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HE principal ph nomenon; ; which, in in 
- the opinion of many writers, cannot 


5 be e bf by the Franklinian theory of 
a4. ſingle electric fluid, is the repulſion which 
© BY | takes place between bodies negatively elec- 
trified ; and, notwithſtanding what has been 
aid about it in the preceding editions of 
my Treatiſe, I find that in ſome recent pub- 
I Hications the faid repulſion is ſtill ſuppoſed 
' . to contradict that theory. It ſeems there- 
3 fore neceſſary to examine and to explain 
: 85 © £ | FS. © | 
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Propoli tion I. No WITT can a" 
en the ſurface of a body, or no body can be 

eleetrified either pojitroely or negatively, un- 
leſs the contrary electricity can W * 
other bodies A 10 it. | 


This propoſition may be om by 2 
| great many. experiments and obſervations, 
ſuch as may be ſeen in Chap. V. and VI. 
Part I. ; and in pages 199, 201, 212; 248 
331, of Vol. I.; alſo in een en 1 . 
Vol, II. of this pee 25 9 


Pepe bb es e 0 
lech, of bodies wabich prevents the ſudden 

ion of the two eletricities, via. of 
that poſſeſſed by the elefirified body, with the = 
_— „ K 


„ 1 * 
tent, and the laws of this property in bo- 
dies, it will de ſufficient for the preſent 
ee to.oblerve, that the fact is certainly 


3 5 a BE. o 88255 | fo; 
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ſo ; for otherwiſe a body could not poſſibly 
be eleqrified, or it would not remain elec- 8 
trified for a — moment. 


N Pro ok 1 III. — Suppofing that every 
particle of a fluid has an attrattion towards 
every. particle of a folid; if the folid be left at 
liberty in a certain quantity "of that fluid, 
it will be attrafted towards the common 


centre of ene EX aff the 3 7 the 
""_ TE | 


| PD: . mall, and 5 
is evident that it muſt be drawn towards the 
common centre of attraction; for if it be 
placed on one ſide of the ſaid centre, the 
attractive particles on the oppoſite ſide, be- 
ing more numerous, will naturally draw it 
that way. If the body be large, the ſame 
reaſoning ſhews that the effect muſt be the 
fame; for the attractive force of all its par- 
_ ticles being concentred in a point or centre, 
will draw that centre towards the cen- 
tre of attraction of all the particles of the 
fluid. Thus, if the: fluid be of a ſpherical 
Wa . the ſolid __ ve likewiſe ſphe- 
3 2 a ae 443 Fs 15 


FI * 


" 


en ELECTRICITY. thy. 


rical, the centre of the latter wil coincide 
with as e former. | 


be 1 The fine ching WT "OM 


pen, when the quantity of fluid is ſmaller . - 


than the bulk of the body ; 'in. which caſe 
97 former muſt be wich . latter. 


bel; 2.— -1f ths Abels of the? 
particles of the fluid be exerted only towards 


the ſurface of the ſolid, and not towards it 
internal parts, the effect will be the ſame - 


when the body is of a regular ſhape, as 
ſpherical, cubical, &c. but with very irre- 
gular ſhapes, the difference will be very 
2 2 not mee br notice in this 


The application of the foregoing propoſi- 


tions, in explanation of the repulſion which 


takes place between bodies poſſeſſed of the 


ſame ſort of electricity, is very eaſy, and, in 
my opinion, concluſive. According to the 
Franklinian hypotheſis, the electric fluid is 

elaſtic or repulſive of its own particles, and 


= attractive of the particles of other matter. 


* chen A and B, 2 7, be two * 


— z 


a gow 
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d metal ſuſpended in the ogan air conti - 


5 eaſily moved. Let ſome electricity bs 


ned as in fig- 7. It follows: therefore by, 
Propoſition III. that the. ſpherical: bodies 


"atmoſpheres, appear to repel each other, as. 
dhe wn in fig. 8; ſo that when che bodies, 
r vhich caſe, ac+. 


8 an ade dung of cleric. 
; 2 8 555 3 


| 
| 
| 
| 
F 
| 
N 


guous to each other, and capable of being 


communicated to them, and by Propo- 
ſitiom L. it will appear, that whilſt the bo- 
dics touch each other, 2+ ſhemnin fig. 7, the 


electricity which is communicated cannot 


be diſperſed equably all over their ſurfaces, 


but it muſt be thicker or more condenſed 


2 mutual Point of contact, becauſe there: the 
air is at liberty to acquire 2 contra 


electricit ; whereas: near the point of eon 


ta& the electricity cannot be manifeſted, 
cr ee wee eee 


city. Therefore the atmoſpheres of con- 
trary electricity cannot be concentric with 


the ſpheres A and B; but muſt. be ſitu- 


being attracted towards the centres of thoſe. 


flnid, negative über will be + eh 


round them, and the additional or ſuper-. 
fluous electric fluid of the bodies will at- 
tract, and be attracted by, thofe negative 
-atmoſpheres. And when the bodies are. 


electrified negatively, in which caſe; at- 
cording to the hypotheſis, they have loft 
part of their uſual quantity of electfie Huid, 
poſitive atmoſpheres will be form 
them, which wil attraꝶt ths der igel 
bodies. | 80 


What ws hoop * in . e 
metallic bodies, may be cafily applied to 
explain the electrical repulfion between 
any number of b6dibs , dpd ts bodies of Ey) 
Thape and ſubſtance; proper allowitiee be- 
ing made for. their Sad Ein or n- Sn 


may render them more or . . 
the action of eleQricity. 


he other expiritiients; nich Bebe 
: erifidered 4s fepugnant to the Franklihith - 
| Hypotheſis, may be Almoſt all recfüettf tb 
| this, Vie, that in mhakih the dicht 9 


Fun 


ductingRature, and for their weight, — 
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long circuit, the effect of the diſcharge i is 
more ſenſibly felt by thoſe parts of the cir- 
cuit which lie near the two coatings of the 
< _phial, than by the middlemoſt parts of the 
circuit which lie farther off. But very lit- 
tle conſideration is required, to ſhew that 


the explanation of that phenomenon, upon 


the above- mentioned hypotheſis, is not at- 


«tended with any difficulty. I ſhall, how- 
ever, for the ſake of perſpicuity, deſcribe 


two or three of thoſe experiments, and. 
ſhall afterwards ſubjoin a . 8 


Experiment 1.— Charge a PRs 27D 
very weakly, viz. ſo as juſt to afford a viſi- 
ble ſpark when diſcharged ; then apply a 
finger of one hand to the outſide, and a 
finger of the other hand to the inſide coat- 


ing my it. The effect will be, that the 


flighteſt pricklings will be felt on theſe 
fingers, and no where elſe. Charge the 


Phial a little higher, then apply the fingers 
to its two coatings as before, and a ſharpe T 


1 3 will be felt all along the two "= 


If. the phial be charged ſtill higher, : 
ion A be felt, a8 high a as the 
| wiſts; 5 
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ed, 


will be felt in the arms, Ge. + Far | 
+: > 7% 1 K 
. 2 —iaſiste A os Abbe E 
: of metallic balls or bars, or, in ſhort, many 
conducting ſubſtances, and diſpoſe them ſo 
as to be within a ſmall diſtance of each” © 
other, but not in actual contact. The | 
diſtances, between any two -contiguous bo- 
dies ought to be equal, which may be eaſily 
done by interpoſing a card, or ſomething 
elſe of a proper thickneſs, when the bodies 3 
are ſituated in their places, but not to re! * 5 
main between them. Let this interrupted EO Ws 
circuit form the communication between 
the two ſides of a charged Leyden phial; 
and it will be found, that when the charge 
of the phial is very weak, ſparks: will be 
ſeen between thoſe interruptions of the-cir=  - 
cuit which are near the two coated ſur- 
| faces of the phial; if the charge be higher 
the ſparks will be extended through more 
interruptions; and if the · charge be ſtil! 
higher, the ſparks will eee > 
the intaqupticheet: _ en en 
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Experiment 3. Take a pretty long glaſs 
tube furniſhed with metallic caps at both 
ends, one of which caps muſt have a ſtop- 
cock, and exhauſt it of air by means of an 
air- pump. Then let this exhauſted tube 
form part of the circuit between the infide 
and outſide of a charged Leyden phial ; and 


it will be found, that when the charge of 
the jar is very weak, the two ends only of 
the tube will be illuminated; whereas when 
the charge is. ſufficiently high, the light 
will peryade the whole ese e e 


ee. 


e er 


oe perſons who with-to find fault with 
the hypotheſis of a ſingle electric fluid, ima - 


gine that a double current, and two diſtinct 


fatisfied with the flight evidence of their 


ſenſes, and do not give themſelves the trou- 
5 ee eee e eee 


pee enen e a . 


on the theory of a fingle electric fluid, I 
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hall juſt mention two known truths, viz. 
1ſt, That the condenſation of an elaſtic 


fluid, ſuch as the electrie fluid is fappoſed 


to be, is inverſely as the ſpaces in which it 


is confined. Thus, when a certain quantity 
of it is confined in half the ſpace, it is then 
ſaid that its condenſation is double of what 
it was before; when it is confined into the 
tenth part of the original ſpace, the conden 
ſution is ten times greater, and ſo on. zdly, 
That the effects produced by a certain quan- 


tity of electricity, ſuch as the ſpark, ſhock, 
&c. are Ptoportional to its condenſation. 
Thus, the higheſt charge of a pint phial 
will give a man a much greater ſhock than 
he would wiſh to receive; yet if that charge 


% 


be "communicated to à battery of one hun- 


dred fquare feet, 'and the ſame man apply 
his hands to the two ſides of that battery, 


he wilt hardly feel the ſhock, becauſe the | 
was confined into à finall ſpace, e - | 
2 COOIIE Z 


-fatne quantity, which in 


be rachel ino a much Jarger ſpecs. 
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n — and let 
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us ſuppoſe that the inſide and outſide coat- 
ed ſurfaces of the Leyden phial are each 
equal to five ſquare inches; that before the 


charge, each of theſe ſurfaces contained five 
parts of electric fluid, viz. one for every 
ſquare inch; but after the charge, the inner 
ſurface acquired four additional parts of it, 
ſo as to make all together nine, and the out- 
ſide loſt four of its original number, in con- 
ſequence of which one part only of electric 
fluid remained in it. We muſt likewiſe 
ſuppoſe, that each of the bodies which form 
the interrupted circuit, has a ſurface of one - 
ſquare inch, and contains one part of elec- 
tric fluid. Now, when the two coatings of 


4his charged phial come in contact with the 
_ extremities of the interrupted' circuit, the 
inſide endeavours to diſcharge its four parts 
of ſuperfluous electric fluid, and the out- 


ſide endeavouts to recover its four parts of 
loſt electric fluid. By the contact of the 
body next to it, the inſide of the phial, to- 
gether with that body, will form a ſurface 
of fix ſquare inches, and the whole quan- 
tity of electric fluid contained in it, is ten 
parts; but ten parts of fluid will have 


more oom in * ſquare ND than nine | 


. HS Parts 
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parts had in five ſquare inches ; therefore 
the electric fluid is leſs condenſed now than 
it was before the contact of the firſt body. 
F urther, when the electric fluid has reached 
the ſecond body of the circuit, the whole 
quantity of fluid will be eleven parts, and 
the whole quantity of ſurface will be ſev: en 
ſquare inches; but eleven parts of fluid i in 
ſeven inches of ſurface, will have more 
room than ten parts in ſix inches of ſur- 
face; therefore by the contact of the ſecond 
body of the circuit, the electric fluid be- 
comes ſtill more rarefied; and ſo on; the 
condenſation there fore, and, of courſe, the 
Intenſity of the ſpark and other effects, di- 
miniſh in Proportion as the electric fluid 
0 proceeds in the circuit farther and farther _ 
from the coated ney of the Jon 
. vt. eee TEE 
I the Game — — RIDE; to 8 
— negative ſurface of the phial, it Will 
in the like manner appear, that the attrac- 
tion of that ſurface towards the electria 
fluid, is diminiſhed in proportion as the bo- 
dies of the circuit ſucceſſively add their na 
tural ſhare of fluid is the Joint furface, viz. 
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the ſurface of the phial, together with their 
own ſurface. Therefore when the Leyden 
phial is weakly charged, the ſparks "will . 
appear only between thoſe bodies which 
are contiguous to its ſurfaces, or, in general, | 
the effects of the diſcharge are more re- 
markable near the phial, and are lefs con- 
3 at a greater diſtance from =. 


be potitiar indiity of diberent hypo. 


theſes on any philoſophical ſubject whatſo- 


ever, are not to be derived from thoſe phe- | 
nomena which admit of an eafy explanation 
upon different ſuppoſitions, but they maſt 
be determined by thoſe which can only be 
explained upon one theory, and no other, 
Therefore the foregoing expefiments will 
not render the hypotheſis of à fingle elec- 
tric fluid more probable than ſome: other- 
electric hypotheſis; but the experiments 
which render that hypotheſis more likely 

: 46' be true, are choſe ieh ſhew an evident 
current from the -pofitive to the negative 

iche i thie diſcharge of a Leyden phital; ot, 
mim general, — mn 

GbeNitied, amt toward 


% 
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| lerified®; ſince 
not admit of an eaſy 
| hypotheſes. 
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thoſe experiments do 
explanation on other 


herefore the object of this 


ſection has been only to ſhew, that ches 
experiments which are conſidered as con- 


tradicto 
fluid, are ſo far from 
they may be clearly 
plained by it. 


: . 4 


to the theo 


a ſingle electric 
con tradicting it, that 
and ſatisfactorily ex- 


* * 
* 
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* 'The reader will find many experimenis of this fort. 
in the firſt and ſecond volumes of this Treatiſe. 
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R E MAR K S 
1 5 | | 3 
- ON SOME EXTRAORDINARY EFFECTS or 
THUNDER STORMS; 


AND AN EXPLANATION OF THE 


ELECTRICAL RETURNING STROKE. 


NE of the moſt inſtructive accounts 

of thunder ſtorms that have appeared 

in print, was' drawn up ſome years ago by 
PaTRrIicx BRYDoONE, Eſq; F. R. S. and 


was publiſhed in the 77th volume of the 


Phil. Tranſ. 'Fhe remarkable effects con- 
tained in that account, and the accurate 


manner in which they were obſerved and 
deſcribed, renders it fo highly intereſting to 
eleQricians, that I ſhall tranſcribe the prin- 


cipal part of it in this place, and ſhall then 


F, ſubjoin the beſt conjecture which has been 


hitherto offered in explanation of the Pit | 


Domena therein en. 


3 DO ns 33 


* 


1 3 he 4905 of - July; 178 5, was 
7 . ſoft morning (thermometer at ten, 
85.) ; about eleven, clouds began to form 


in 2 ſouth-eaſt ; and between twelve and 
one there were ſeveral flaſhes of lightning, 
followed by rolling claps of thunder iat A 
conſiderable diſtance. - I was frting in my. 
ſtudy at an open window, in the ſecond 
ſtory, - obſerving the progreſs of the ſtorm; 
when ſome ladies, who were in the draw- 


ing- room below, alarmed by the lightning. 


came up to me. I was making them ob- 
ſerve, by a ſtop- watch, the time which the 
ſound took to reach us (Which was genes 
rally from 25 to 30 ſeconds) and aſſuring 


them the ſtorm was at ſo great à diſtance, 
that there could be no fort of danger; when 
we were ſuddenly alarmed. by a loud report, 


for which we were not prepared by any 
preceding flaſh: it reſembled the firing of 
ſeveral muſkets, ſo. cloſe together, that the 
ear could hardly ſeparate the ſounds, and- 
was followed 425 no e vale like og 


Ts. 7 
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of either thunder or lightning. I bad or- 


dered my horſes to be got ready, and was 
juſt going to mount, when a ſervant came 
tunning in to tell me, that a man and two 
horſes had been ſtruck dead by the thunder, 
at a ſmall diſtance from the houſe.' I im- 
mediately fet out, and arrived on the ſpat 
in leſs than half an hour after the accident. 
The horſes were ftill yoked to the cart, 
and lying in the ſame poſition in which 
they had been ſtruck down; but the body 
- of the young man had been already carried 
off by his companion, who foon returned to 
the place; and, with leſs agitation than I 
expected, deſcribed to me ROE every thing | 
£ N 8 2h . : 


They were both Glenn. to Mr. 
Turnbull, a tenant of the Earl of Home, 
) ee OMG peice 
loaded with coals. James Lauder, a ſtrong 
young man, of 24 years of age, had the 
charge of the firſt cart, and was fitting on 
_ the fore-part of it. They had croſſed the 
Tweed a few minutes before, at a deep 
ford, and had almoſt gained the higheſt 
ET mo OY 8 5 
above 


— 


1 bn 14 Ti l EY 
7 above the bed: of che river: They. were 
converſing about the thunder; which they 


| heard at a diſtance, and exprefling a wiſh | 


that it might be accompanied by a fall of 
rain, as the only means of ſaving the crop, 
after ſo long and ſo ſevere a drought. At 


that inſtant He was ſturined by a loud report. 
and ſaw his companion, his horſes and cart, 5 
full to the ground. He immediately ran ta 


his affiſtance, but found him quite dead. 
His face, he ſaid, was of a livid colour, his - 
clothes were torn to pieces, and he had 2 
ſtrong ſmell of burning. He immediately 
emptied his own cart, and carried home 
Lauder's body to his friends; ſo that I had 
not an opportunity of examining it : but 
Mr. Bell; Miniſter of Coldſtream, a gentle- 
man of the moſt perfect candour and vera - 
city, told me, that he had been ſent for, to 
announce the fatal event to the young man's 
parents, and had examined the body : that tht 


he found ihe {kin of the richt thigh much | - 


burht and ſhrivelled; arid many marks of the = 
fame kind over the whole body, but none on 
the legs, which he imputed to their hanging 
vrt the fore-part of the eart at the time 
of thi exploiob, and * 3 
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with any part of it. His clothes, and par- 
ticularly his ſhirt, was very much torn, and 


emitted a ſtrong ſmell. of burning. The 
body was buried two days after, without 


having diſcovered _ W of ne” | 
3 5 5 * - 1 15H 


- 2 
R A ” 5 * 
3 $47 


— 


S A 8 me the 


. Aiſtance between the two carts, which was 
exactly marked; for his horſes had turned 


round at the time of the exploſion, and broke 
their harneſs: I found it about 24 yards, 
aud Lauder's cart was a few feet higher on 
the bank, but had not yet reached the ſum- 
mit. He told me, he was likewiſe fitting 
on the fore part of his cart, and had Lau- 


der, his cart and horſes, full in view, when 


they fell to the ground; that he perceived 
no faſh nor appearance of fire, and was ſen- 


fible W 10 n nor uncommon __ 


* P 


o 


| 10 n. 2 78 wort 5 ft; NN = 4 112 E 1 27 * 
159 . „ * 
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„I now n cart, and the ſpot 


round it, as exactly as I could. The horſes 


were black, and of a ſttong make; they had Z 
fallen on the left ſide, and their logs had 
made a 925 . 


1 Men 


- 


* 
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dn our lifing wen up, themed, aeg exact 
gle or copnilfive . ſucceeded the 
fall, but every principle of life ſeems. td - 
have been extinguiſhed in an inſtant: The 
hair was much ſinged over the Foy 
'of their, bodies; but was moſt perceptible 
on the belly and legs. | Their eyes were 
already become dull and opake, and Fes 
like the eyes of an animal which had been 
long dead. Thie joints were all ſupple; 
and 1 could not perceive that zany of the 
bones were either, ſoftened or diflolved, a2 
it has been alledged ſometimes happens to 
animals killed by lightning Ts left ſhaft 
of the cart, was broken; and. 1 obſerved; 255 
that ſplinters had been thromn off in many 
: places, particularly whete. the timber of the a 
cart was connected hy nails, or cramps, of 
iron. Many pieces of the coal were like- 
wiſe thrown out to a;confiderable diſtance; 
alli round the cart z and een | 
I haye preferyed, have the appearan 
coal which had lain ſome time on a fire. * 
likeyviſe gathered up the fragments of Lau- 


- ders hat, which Rags! den torn to Wer 5 


merable ſmall 
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ſhall incloſe for your inſpection, as well as 
part of his hair, which I found ftrongly 
united to fome of the fragments which had 
compoſed the crown of the hat. About 
four feet and a half behind each wheel of ; 
the cart, I obſerved: an odd appearance in 
the ground; a circular hole of about twenty 
inches in diameter, the centre of which was 
exactly in the track of the wheel. - The 
earth was torn up as if by violent blows of 
a pick-axe, and the ſmall ſtones and duſt 


were ſcattered on each fide of the road. 


The tracks of the wheels were ſtrongly 
marked in the duſt, both behind and before 
theſe holes, but were completely obliterat- 
ed for upwards of à foot and a half on theſe 

ſpots. This led me to ſuſpect, that the 
force which had formed them, muſt like- 
wiſe have acted ſtrongly upon the wheels; 
and, on examination, I found evident marks 

of fufion on each df them, which I now 

thewed to many people who had aſſembled 


length of about three inches, and the whole . 
/ breadth of the wheel, had become of a 


© bluiſh colour; had entirely loſt its poliſh 
x and ſmoothneſs, and had the ** of 


drops 


around us. 'The ſurfact A che iron, to the . 
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drops incompletely formed on its f urface; 
theſe were of a roundiſh form, and had a 
ſenſible projection. I ſuſpected that the 
great heat which had been communicated 
to the iron, might probably have burnt the 
wood of the wheels; but this I did not find 
to be the caſe. To aſcertain whether theſe 
marks were occaſioned by the exploſion 
which had torn up the ground, we puſhed 


back the cart on the ſame tracks which it 


had deſcribed on the road and found, that 
the marks of fuſion anſwered exactly to 
the centre of each of the holes; and that, 
at the inſtant of the exploſion, the iron of 
the wheels had been ſunk deep in the duſt. 
They had made almoſt half a revolution af- 
ter the exploſion, which might be  occa- 
ſioned by the falling down af the horſes, _ 


which pulled the cart a little forward. On 5 


examining the oppoſite part of the Wheels, 
or that part which was at the greateſt diſ- 
tance from the earth, no mark of any kind 
was obſervable. The broken | earth, ſtill _ 
emitted a ſmell ſomething like that of ether. 
The ood v was: OO logs and Fs * 
| en ſoil. en, bot; 
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« Tt would a ppear, that this great ex- 
plofion had; in an inſtant, pervaded every 
ſubſtance connected with the cart, the 
wheels of which had probably conducted it 
from the ground. They had been com- 
pletely wetted but a few minutes before, as 
well as the legs and bellies of the horſes, 
| this might, perhaps, be the reaſon why 

the hair on theſe parts was much more burnt 
than on the reſt of their bodies. How- 
ever, the two horſes had already walked 
over this electrical mine, without havin * 
produced any effect; and had not the cart 


followed them might have eſcaped without 


hurt. 1 examined all their ſhoes, but could 
not perceive the leaſt mark on any of them, 


nor was the earth broken where they had 1 


trodden; but the cart was deeply laden, 
and the wheels had e much farther 


into the e 


5 . The 8 W » the oct 
and the atmoſphere ſeems at this inſtant to 
have been completely reſtored; for no far- 
cher appearance of thunder or lightning 
was obſerved within our heriſphere ; me 
clouds diſpelled, and the air reſumed the 


ED | 5 moſt ; 
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4 : S * 
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aol hd tranquillity: but how this vaſt 
quantity of electric. matter could be diſ- 
charged from the one element into the 


other without exhibiting any appearance of 
„870, 1 ſhall not pretend to examine. The 
fact, however, appears certain, and when I 
was mentioning it as a fingular one, a gen- 
tleman told me, that the ſhepherd of St. 
Cuthber's farm, on the oppoſite bank of 
the Tweed, had been an eye-witneſs of 
the event, and gave a different account of 
it. I immediately went to the farm, found 
the ſhepherd, and made him conduct me to 
the ſpot from whence he has obſerved it, 
and defired him to give me an account of 
what had happened. He was looking, he 
ſaid, at the two carts going up the bank, 
hen he was ſtunned by a loud report, and 
at the ſame inſtant ſaw the firſt of the earts 
fall to the ground, and obſerved that the 
man and horſes lay ſtill, as if dead! -I aſked 
him, if he had obſerved any lightning ? He 


of fire whatever; but obſerved the duſt to 
riſe at the place; that there had/been'ſe- 
veral flaſhes of lightning ſome time beſtre 
from the ſouth-caſt, whereas the accident 
— £6 "BM 7 "I | 
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| happened to the north-weſt of where hs 


ſtood. The diſtance, in a right line acroſs 


the river, might be between twa and three 
hundred yards, He was ſenſible of no 
| ſhock, nor uncommon ſenſation of any 
kind. I went. next morning to examine if 
there were any marks of putrefaction on 
the horſes, and to obſerye the ſtate of the 
blood - veſſels, &c. after the ſkin had been 
- taken off; but a gentleman of the neigh- 
| bourhood, who kept a pack af m— had 
already ſeized on a them. | | 


| « Several other: phenomena happened on | 
that day, probably all proceeding from the 
ſame cauſe ; ſome of which I ſhall bas 


leave to mention. 


Tha hephers, belonging to the fm of 
Lennel Hill, was in a neighbouring field, 
ending his flock, when he obſerved a lamb 
drop down, and faid, he felt at the ſame time 
as if fire had paſſed over his face (this was 


his own expreſſion) although the lightning 
and claps of thunder were then at a great 
. diſtance from him, He ran up immediate- 
ly, but found the lamb quite dead; nor did 


on BiecCTRICITY, 17 
he perceive the leaſt convulſive motion, nor 
ſymptom of life remaining, although. the 
moment before it appeared to be in perfect 
health. He bled it with his knife, and the 
blood flowed freely. This, he told me, 
happened about a quarter of an hour before 


the exploſion which killed Lauder; and it 


was not above 300 yards diſtant from the 

ſpot. He was only a few yards from the 
lamb when he fell down. The earth was 

not tarn yy” nor did- 8 a * * 5 
8 | | 


Eh. W Fabse, a lehne fiber Fo ; | 


Coldſtream, and another man, were ftand-.  - 55 


ing in the middle of the Tweed, fiſhing for 
ſalmon with a rod, when they ſuddenly 
heard a loud noiſe ; and, turning round to 
ſee from whence it came, they found them- 


ſelves caught in a'violent whirlwind, which - 


Foſter told me felt ſultry and hot, and al- 


moſt prevented them from breathing. N 


was not without much difficulty they could - 

reach the bank, where they fat down, e. 
hauſted with fatigue, and greatly alarmed: - 

however, it laſted but a very ſhort time, and _ 
vs. nn, This 

; WET» happened 
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a rs about an hour ann the are 
ſion. 


«A win, a 1 . de ale 
of the river, fell ſuddenly to the ground, 
and called out to her companions, that ſhe 
had received a violent blow on the foot, and 
could not imagine from whence it came. 
This I had not from the woman herſelf, 


but from Mr. Turnbull, a very reſpectable 8 


farmer. Mr. Bell, our Miniſter, nephew 


of Thomſon the poet, and poſſeſſed of all 


the candour and ingenuity of his uncle, 
told me, that, walking in his garden, a lit- 
. tle before Lauder's accident, he ſeveral 
times felt a ſenſible tremor in the ground. 
He likewiſe told me (what I find I had for- 
got to mention in the proper place) that 
he had obſerved on Lauder's body a zig- 
zag line of about an inch and a quarter 
broad, which extended from his. chin down 
to his right thigh, and had followed nearly - 
the line of the buttons of his 3 


TI. Akin x was ee white 4 __ N 


8 bett FIR are all the et 


have been able to collect that are well au- 
; b ; Henticated ; | 


4 
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thenticated ; and I ſhall not trouble yo 


with teports that are not. From the 


whole it would appear, that the earth had 


acquired a great ſuperabundance of clec- 


trical matter, which was every where- en- 


deavouring to fly off into the atmoſphere. | 
Perhaps it might be accounted for from the 
exceſſive. dryneſs of the ground; and, for ; 


many months, the almoſt total want of rain, 


Which is ptobably the agent that Nature 5 


employs in preſerving, or in reſtoring, the 
equilibrium between the other two ele 
ments. But I ſhall not pretend to inveſti- 
gate the cauſes: all I wanted, was to give 
you ſome account of the effects, and yout 
own reflections will lead you much farther 
than any thing! 1 could Es e ä 


vAfter an attentive confideration of this 


account, ſeveral of the appearances obſerv- FR 
ed in it, ſeem to furniſh conſiderable in- 


ſtruction, and at the ſame time to require an 


attentive inveſtigation of the cauſes from 


' which they are likely to haye originated. | 


The moſt ſingular circumſtance i is, that not- 


withſtanding the greatneſs of the effect, £ 
N a man — two Horſes weary ſtruck > 


— 
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dead by the matter of lightning, yet this 
great diſcharge of electrical matter was not 
attended with any appearance of light, no 
flaſh of lightning was obſerved by ſpecta- 
tors, who, it ſeems, ought to have unavoid- 


_ ably perceived it, if there had been any, ._ 


Whether the ſuperabundance of electric =P 
fluid exiſted in the clouds or in the earth, if 
the diſcharge was made through the air, a 
very intenſe light would have certainly ac- 
companied it ; and if the diſcharge was not 
made through the air, after it had gone 
through the man and horſes, how could it 
be attended with ſo loud a report as the 
witneſſes aſſert to have heard at the mo- 
ment of the accident 5 


The other phenomena, related at the end 
of the account, did alſo happen without any 
appearance of light; at leaſt it is not men- 
tianed that there was any, and we may pre- 
fume, that it would have been noticed if 


tere had. However, in the affair of the 


lamb, the ſhepherd who faw it drop, ſaid, 
that he felt at the ſame time as if fire had 

paſſed over his face ; but from this indeſi - 
pite 3 we cannot clearly under - 


Rand, 


** 
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ftand, whether what he perceived was heat, h 


light, or both heat and * together. 


* 


That the 20 about that ſpot was 
2 with electrical matter, and that 
all the phenomena related in the account 


were effected by that cauſe, ſeems not to 
admit of a doubt; yet the ſuperincumbent 


clouds had great ſhare in the production of 
thoſe phenomena; and they eĩther pro- 


duced the accumulation of electric matter 
in that part of the earth by the action of 


their electric atmoſpheres, or they them- 


| ſelves were drawn near, and became inſtru- 


mental in the reſtoration of the cleftrigal 
e = 3h 


The Aeg Takin be Fr. © 


Becearia was of opinion, that very great 
quantities of ele&ric matter were ſome- 


times diſcharged from the earth in ſome 


particular ſpots, and, ruſhing into the at- 
moſphere, drove in their way ſand, aſhes, 


leaves of trees, and other light matters; 


and that without the interference of any 
wind, or ſometimes: even againſt the diree- 


obſerved. 


- 
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_ obſerved. But independent of this phe 

nomenon, he was led to ſuppoſe, that the - 
earth became over-charged with electri- 
city in ſome particular -places, and: under- 
charged in others, and that the equilibrium 
between thoſe differently electrified places 
was reſtored through the clouds ; he being 
otherwiſe unable to account for the vaſt 
quantities of electricity, which were ſucceſ- 
ſively diſcharged, for a conſiderable. length 
of time, from clouds of a limited arent. 15 


5 Had the production. 0 3 from | 
evaporation, and from condenſation, been 
known by Fr. Becearia, he would perhaps 
have not wondered at the ſucceſſivè pro- 
duction of lightning from clouds in a thun- 
der- ſtorm ; for the clouds muſt not be con- 
ſidered as conductors ſimply electrified; 
which remain leſs and leſs electrified in pro- 
portion as ſparks are drawn from them; but 
they acquire electricity from their very con- 
denſation or rarefaction, and this production 
of electricity, being proportionate to the 
quantity and quickneſs of the eondenſation 
or rarefaction, muſt be very great in certain 
_ 99 when the clouds are quiekly - 


converted 


bs 
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converted into rain, een en 
caſe * eee 27 8 | 


«> ata Ft A 


— this e it is 

nat. unlikely but that Fr. Beccaria s hypo- 
theſis may ſometimes be true, viz. that 
one part of the earth may become: over- 
charged, whilſt another part becomes un- 
der · charged, and that the clouds may form 
a ſort of conducting rod between thoſe two 
places *; yet even upon Fr. Beccatia's Jup= 
poſition, the aboye-mentioned' facts:do not 
ſeem to admit of an explanation; the want 


of light being in ncileable to that 88 
mne 7 PORE a J Ap p15, 08 
1 Hi ys 1 3 | 40 4 ad. An 
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Ane account: of the thunder - ſtorm in 
Scotland at the Royal Society, Earl Stan- 
hope preſented a paper to the. ſame ſociety, | 
containing remarks on the ſaid account . 
In that paper, Lord Stanhope endeavours to 
aceount for the various phenomena obſery- 


Fr Baccaria ſuppoſed, at e hee Wend ro- 
duced by the accumulation of vaſt en part * Draw eo 
city deep in the bowels of the earth; * 1 


t Phil, Traut vol: . 


f p . - au 
438 * 3 a W- 8 n 
- ; 


* 
2 * 


- | - to the inlulated body, F;; call that end of the inſulated ' 
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ed during the thunder- ſtorm, and attributes 
them to what he calls the d/e#rica/ returns 
ing firoke. But before we enter into an 
examination of his lordſhip's explanation of 
the phenomena, I ſhall avail myſelf of this 
opportunity. to give my readers an idea of 
the nature of this returning ſtroke. 


Wen an inſulated body A is brought 

within the action of another body B, which 
is electrified either poſitively or negatively, 
but not within the ſtriking diſtance ; the 
dody A will have the equilibrium of its 
electric fluid diſturbed, in ſuch a manner as 
to acquire the electricity contrary. to that 
poſſeſſed by B, on that fide which is near- 
eſt to B; but on the oppoſite fide, it will 


a certain part between thoſe two extremities | 
the body will remain in a neutral ſtate, 
vi. not clectrified . On removing the 

' '© Suppoſe that the infulated body A is a cylinder, 
placed with its axis in the direction of the electrified body 
B. Call that end of the electrified body which is neareſo 


body which is towards the elefrified body, G ; and-call 
|  / ths remoteſt end of the fame infulated body, H. + park 


acquire the ſame ſort of electricity; and in 
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electrified body B, A will recover its equi- a 
| librium, agg . —— as before. Jo: 


| When inſtead of one body, two voting 
A and D, are ſeparately inſulated at a ſmall 
diſtancefrom each other in the ſame direction 
with the electrified body B, and are fo diſ- 
' poſed that A may be juſt out of the ſtriking 
diſtance of B, the effect will be, that by 
the action of the electric atmoſphere of B, 
the body A will acquire the contrary elec- 
tricity, and the body D will acquire the 
ſame ſort of electricity as that of B; but 
this effect cannot take place unleſs a ſpark 
or ſparks take place between the two bo- 
dies A and D. And if the electrified body 
B be removed, or its electricity be diſ- 
charged, another ſpark will appear between 
A and D, which will reſtore thoſe two bo- 
dies to their original unelectrified ſtate. 


Lord Stanhope has demonſtrated, that if the denſity of 
the electricity of electrical atmoſpheres be inverſely as 
the ſquares of the diſtance, the neutral, or unelectriſied, 
point in the inſulated body is a fourth point of an harmo- 


nical diviſion of the mran OI: 8 


V. : 
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This ſpark is called by Lord. Stanhope the 


-. elefirical returning ſtrobe *, It is hardly 


neceſſary to ſubjoin, that when the body B 
is electrified poſitively, the returning ſtroke 
conſiſts of the electric fluid, which origi- 
nally belonged to A, but by the action of 
the electriſied body B, having been driven 
into D, is now returned to its original place 
in A. But when B is electrified negatively, 
then the electric fluid of D is firſt driven 
into A, and then returns to ine original place 

in D. 


What we have eteenplified with the two 
bodies may take place amongſt any number 
of bodies, ſome or the greateſt number of 
which being or not' being infulated, as it 
may be eafily conceived without any —_— 
PIUS: | 


2 Thus muck having been ns, we 
may now add Lord Stanhope' s explanation 
of the phenomena that attended the ſtorm, 
_ ca 26h firſt ſhews, that. Lauder” , 


| 4 Pat . 70 of Lord lune Th of 
Elgricity. | 
- =” 6. death, 
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death, &c. could not be occaſioned by any 
direct main ſtroke of explefion ; ſince there 
was no lightning; and that, for the ſame rea- 
ſon, it could not be occaſioned by any tran/- 
mitted main firoke of explofion ; and, conſe- 
quently, that it could neither be occaſioned 
by à lateral exploſion. But, I think, fays 
Be, from the different circumſtances of this 
caſe, that the effects produced proceeded 
from electricity; and that 10 electrical fire 
did paſs immediately either from the clouds 
into the cart, &c. or from the cart, &c. 
into the clouds. 


1 is evident that the electrical fire did 


| paſs (from the earth to the cart, or from the 


cart to the earth) through that part of the 
iron of the wheels, which was in contact 
* the grognd- - | 


From che ſplinders that had been 
throw off in many places, particularly 

where the timber of the cart was · connected 
by nails or cramps of iron, and from the 
various other effects mentioned in Mr. 
Brydone's paper, it is „e evident, 


| A tion 
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trical fluid in all, or (at leaſt) in different 
parts of the cart, and of the bodies of the 
man and horſes, althou gh there was no 
9 


ce Wonderful as theſe combined "facts 
may appear, and uncommon as they cer- 
tainly are in this country, they are, never- 
theleſs, eaſy to be explained by means of 
that particular ſpecies of electrical ſhock, 
which I have diſtinguiſhed in my Princi- 
ples of Electricity (publiſhed in 1779) by 
the appellation of the electrical returning 
* Broke; and although at the time I wrote 
that treatiſe, I had it not in my power to 
produce any inſtance of perſons: or animals 
having been killed in the very peculiar 
manner ſince related in Mr. Brydone's pa- 
per, I did however (from my experiments 
mentioned in that book) venture to aſſert 
with confidence, that if perſons be ftrongly 
ſuperinduced by the electrical atmoſphere 
of a cloud, they may (under circumſtances 
ſimilar to thoſe explained in that treatiſe) 
receive a very ſtrong ſhock, be knocked 
down, or be even killed, at the inſtant that 


_ the cloud each with an exploſion, its 
: $34 dettricity, 1 
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electricity, whether the lightning falls near 
the very place where thoſe perſons are, or at 
a very conſiderable diſtance from that place, 
or whether the cloud be poſi . or ne- 
a gatively nnen 


I hape alſo explained, in that treatiſe, 
how a ſtill more fingular effect might be 
produced, namely, how an exploſion, which 
happens in one place, may cauſe in a ſe- 
cond place (at a very conſiderable diſtance 
from the firſt place) a ſudden returning 
ſtroke, which may knock down, or even 
kill, perſons and animals at that ſecond 
place, at the ſame time that other perſons, 
or other animals, ſituated in a third place, 
that is even immediately between the firſt 
place where the lightning falls, and the ſe- 
cond place ( juſt mentioned) when the 
ſhock of the returning ſtroke happens, ſhall 
receive no detriment d i 5 


Lord Stanhope after this nrtcovtittg to ex- 
plain the phenomena, and to reconcile them 
to his theory of the returning ſtroxe. 
« Now,” ſays he, let us ſuppoſe a cloud, 
ur ten, or twelve miles in length (be 


8 | the 


= a L f 
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the ſame more or leſs) to be extended over 
the ſurface of the earth. | 


And let another cloud be ſituated be- 
tween the above-mentioned cloud and the 


« Let the two clouds be ſuppoſed to hs - 
charged (for inſtance) with the fame kind 
of electricity, and to be both poſitive. 


Let us further ſuppoſe, that the lower 
cloud be near the earth, only a little beyond 
the ſtriking diſtance ; and let a man, cart, 
and horſes, be fituated under that part of 
the cloud which is the neareſt to the earth. 


Nou, let us ſuppoſe this cart to be aſ- 
cending an hill, and to be in the fituation 
deſcribed by Mr. Brydone, namely, to have 
almoſt gained the higheſt part of the aſ- 
cent, and to be followed by ver cart 
lower down the hill. 


6 Let us was alſo, that the two clouds 
be near each other, perpendicularly oyer the - 
place where the firſt cart was fituate, 

8 6c And 
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« And let the remote end of the upper 

cloud approach the earth, within the ſtrik- 

ing diſtance, and ſuddenly diſcharge its elec- 
tricity into the earth. - 


« Things being fituated as above de- 
ſcribed, let us examine what conſequences 
muſt follow. © 


Firſt, when the upper cloud diſcharges 


its electricity into the earth, the lower cloud © 


muſt immediately diſcharge its electricity 
into the upper cloud at the place which is 
directly over the cart. 


« This accounts for the loud report of 
thunder that was unaccompanied by light- 
ning near. the carts. The report muſt be 
loud, from its being near; but no /jghtning 

could be perceived at the. place near the 
| carts, by reaſon of the thick thunder- cloud 

being ſituated immediately between the 
ſpectator at the ſecond cart and the place 
between the two clouds where the lightning | 

W 


Lord N after this ſhews Ko 
effect would be produced by the atmo- 


"0h" kn 
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ſphere of the ſecond cloud upon a conduct- 
ing body inſulated under it. Then, ſays he, 
* but if this conducting body, on the ſur- 
face of the earth, be- not inſulated, or be 
but imperfectly inſulated, then the whole of 
ſuch body (from its being immerged in the 
electrical atmoſphere of the pgſtive cloud) 
will become negative, becauſe part of the 
electricity of this conducting body will, in 
this caſe, paſs into the earth. And this 
conducting body will become the more 
negative, as it becomes the more deeply 
immerged into the denſe part of the elaſtic 
electrical atmoſphere of the R 8 
thunder cloud. 5 | 


« Now when the poſitive lower cloud 
(in the manner above ſtated) comes ſud- 
denly to diſcharge, with an exploſion, its 
ſuperabundant electricity into the upper 
cloud, then the electrical atmoſphere of the 
lower cloud will ceaſe to exiſt; conſe- 
quently, the electrical fluid, which had 
been gradually expelled into the common 
ſtock, from the conducting body ſituated 
upon the ſurface of the earth, muſt (by the 
_ "ſudden removal of the ſuperinduced elaſtic 
ted electrical 
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electrical preflure of the electrical atmo- 
ſphere of the thunder cloud) ſuddenly re- 
turn from the earth into the ſaid conduct- 
ing body, producing a violent commotion, 
ſimilar to the pungent ſhock of a — ; 
Jar in its ſenſation and effects. 


It was 6 I 3 a returnin g ſtroke chat 
Lauder, and the horſes that he was driving, 


were killed, they having become ſtrongly . 


negative previous to the exploſion,” 


The objection which naturally occurs on 
firſt hearing the above-mentioned explana- 
tion is, that the quantity. of electric fluid 
uſually contained in the body of a man, in 
the horſes, &c. does not ſeem to be ſuffi- 
ciently great to produce the deſcribed phe- 


nomena. To this Lord Stanhope Soares in 


the following manner: 


cc No perſon, the leaſt verſed i in a prin- | 
ciples of electricity, can heſitate to aſſent 
to the propefition, that the electrical return- 
ing ſtrobe muſt exiſt, under circumſtances 
ſimilar to thoſe explained above. But it 
my be 3 to me, that although all 


tho 
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the aforeſaid effects of a returning ſtroke 
might take place in a ſmall degree, yet 
thoſe effects could not have been ſufficiently 
powerful to have killed Lauder, the horſes, 
and the lamb, or to have melted the iron 
of the cart-wheels; eſpecially, conſidering 
the ſmall quantity of electrical fluid that is 
contained in the body of a man, of a lamb, 
or of a horſe, or that is contained in any 
body of the fize of a common cart ; that is 
to ſay, conſidering the ſmall quantity of 
electrical fluid that could, by being diſ- 
turbed, have produced the returning ſtroke. 


« To this objection (plauſible as at firſt 
fight it may appear) I conceive I have given 
⁊ complete anſwer in my Principles of Elec- 
tricity, from ſection 337 to ſection 347 in- 
eluſively, and alſo from ſection 592 to ſec- 
tion 606 incluſively; but it may not be 
improper to add a few words to what I 
have already faid upon that part of the ſub- 
Ns legitimate concluſion can be drawn 
from premiſes that are not proved; there- 
fore, no perſon can legitimately conclude, 


that 


* 
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that the force of a returning ſtroke muſt 
always be weak, when produced by the 
diſturbed electrical fluid of a man's body, by 
reaſon that a man's body contains but a 


{mall quantity of electricity: for it has ne- 
ver been proved, that a man's body does 
contain. only a ſmall quantity of electrical 
fluid; neither is there the ſmalleſt reaſon 
to believe ſuch an hypotheſis, which ap- 
pears, on many accounts, to be completely 


| erroneous, And, if that hypotheſis be er- | 


roneous, the objection to the ſtrength of an 
electrical returning ſtroke remains perfectly 


infa rn 


„ When « body is aid to be fh or 0b. 
tive, it fimply means, that the body con- 
tains more electricity than it does in its un- 
electrified, that is to ſay, natural ſtate; but 
does not ſignify, that ſuch body is com- 
pletely ſaturated with electricity, In like 
manner, when a body is ſaid to be minus or 
negative, it only ſigniſies, that the body con- 
tains /z/5 than its natural ſhare of electricity; 

but does not imply, that ſuch body is com- 
pletely exhauſted of the electricity which it 


contains in its natural tate, _ 
8 « Now, 
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Now, the ſtrength of natural electricity 
is ſo immenſe, when compared to the very 
weak effects of our largeſt and beſt contrived 
electrical machines, that I conceive, that 
we cannot, by means of artificial electricity, 
expel, from a man's body, the thouſandth 
(or perhaps even. the ten thouſandth) part 
of the electrical fluid which it contains, 
when in its natural ſtate.” 


The importance of the ſubject, and the 
ſingularity of the effects produced by the 
above related thunder- ſtorm, have induced 
me to dwell longer upon it than I at firſt 
intended. -Lord Stanhope's hypotheſis is 
ingeniouſly adapted to the explanation of 
the phenomena ; yet as many of the data, 
upon which that explanation depends, are 
mere ſuppoſitions, ſuch as the ſituation of 
the clouds, &c. we can only conſider it as 
a probable hypotheſis, but not as a matter 
of demonſtration.— I ſhall beg leave to add 
a few remarks on the general ſubject of 
thunder-ftorms. : 


Whoever confiders the immenſe ſize of 
the electrified clouds in * and 
8 the 
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the vaſt quantity of electrical matter diſ- 


charged by them, will eaſily allow, that the 
experiments performed with our electrical 


machines can give us but a very inadequate 


idea of the effects produced by the electri- 
city of the clouds; and though we derive 
conſiderable inſtruction from the uſe of 
our machines, yet we ſhould never omit 


any opportunity of taking particular notice 
of the natural phenomena, ſince it is from 
them alone that we can be enabled to a 


* „ By * nn - 
- — . - 
£4 


quire adequate ideas of the natural opera 


tions, and to form ſuch rules as are neceſs 
fary either to judge of the effects, or to 


prevent thoſe accidents, to which we are 
IEP EXP in thunder-ſtorms. - 


It is well known, that when a large EL 
. trified cloud is near, the electrometers in the 


open air are powerfully affected by it; but 
my reader may reſt aſſured, that from my 
own obſervation, as well as from the teſti- 


1 mony of other perſons, when a large elec- 
trified cloud is over head, the electrometers 


within a room, even when the windows and 


doors areſhut up, are affected by the electrical 


atmoſſ os of the cloud. AO when clouds 


«£4 75 Loh * — differently | 


» N 
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differently eleQrified ſucceed each other, of 
| after a clap of thunder, the change may be 
frequently ' obſerved by means of the in- 
door electrometers. For this purpoſe the 
electrometers muſt not be incloſed in bot - 
tles, and as in that caſe gold leaf clecro- 
meters cannot be uſed, it becomes neceſſary 
to make thoſe with cork- balls in a very 
nice manner. They anſwer rather better 
when they are made fo that the cork- balls, 
when nor electrified, do not actually touch, 
but remain at a very ſmall diſtance from each 
other; for when the cork- balls are in ac- 
tual contact, a degree of adhefion takes 


place, which is not eaſily overcome by very 0 


ſmall — of electricity. 


Wich reſpect to itokes of lightning, I 
rus been aſſured by more than one eye- 
witneſs, that ſometimes the lightning, in 
ſtriking a building, a tree, or other object, 
aſſumes the form of a bruſh, wi its branches 
ſeem to ſtrike ſeveral points at once *. This 
6 may be imitated oy: preſenting 


* In more uſual appearance is erin ofa i 
body or ball of fire. 


a a con- 


= — HE 
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a cen body to the negative conductor 
of an electrical machine. By this obſerva= 
tion we are enabled to underſtand, why 
ſometimes a building, which is furniſhed 
with a conductor, happens to be ſtruck by 
the lightning in ſome other or beſides the 
e 


In ſuch caſes the damage is never very 
material; for firſt, the principal ſtroke is 
received and carried away by the conductor; 

and, ſecondly, that branch of the lightning, 

which falls on ſome other part of the build- 
ing, ſoon finds its way to thoſe conducting 
bodies that are mmm 
mee N 


This 8 does by no means inva- 
lidate the uſe of conductors for the defence 
of buildings from the effects of lightning; 
but only ſhews the neceſſity. of erecting 
more conductors than one upon buildings 
that are not very ſmall, and likewiſe the 
precaution of connecting together, and with 
the conductor, all the prominent metallie 


RNS . 
or 
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OF THE ACTION or 


ELECTRETICHETY 


ON THE VEGETABLE KINGDOM. 


T has frequently happened, in almoſt 
every branch of natural philoſophy, that 
a conſiderable deal of labour has been ne- 
ceſſarily exerted to eradicate wrong notions, 
which had been introduced by artifice or by 


accident, and had afterwards eſtabliſhed 


their reputation on the long acquieſcence 
of the philoſophical world. The hiſtory 


of Electricity has furniſhed ſeveral inſtances 


of this obſervation ; and to that number one 
more will be added in this ſection. 


That electricity promotes vegetation is 
a propoſition, which was admitted many 
years ago, and has at various times received 


N confirmation from the publication 
"5 0 
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of ber Holy and obſervations made either 
accidentally, or expreſsly for the purpoſe. 
The extenſive influence of electricity 1 in na- 
ture, its conſtant preſence, in the atmo- 
ſphere, . and its being generally found in 
rain, hail, ſnow, &c. corroborated the pro- 
bability of its being either abſolutely ne- 
ceſſary or uſeful to vegetation; but Dr. 
Ingen-Houſz s attentive examination of the 
ſubject, and the reſult of his numerous ex- 
periments, have ſhewn the fallacy of the 
Propoſition, by having expoſed the inſuffi- | 
ciency of the experiments n which it 
Was eſtabliſhed *, med rot alndi ads 
Previous to the 8 of Dr. Ingen- 
Houſz's experiments and : obſervations it 5 
was generally believed, that ſuch plants as 
were kept in a ſtate of conſtant electriza- 
tion, would grow faſter, and appeared more 
luxuriant than others of the ſame ſort, 
which were treated in every reſpect like 
them, eden * the latter were not elec- 
: . See Dr. 3 5 two letters to , Mr. pies 
; publiſhed i in the Journal 4h, for February gn 
and May, 1788. + ARISES ne . 
Vor, III. e — 
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trified. It had been ſaid, that certain plants 
which were ſituated near a conductor of 
lightning, grew to an uncommon ſize in 
conſequence of that ſituation &. It had 
been likewiſe aſſerted, that ſome plants 
which were fituated under ſome horizontal 
conductors or wires, ſuch as are fixed for 
the purpoſe of exploring the daily electri- 
city of the atmoſphere, appeared fickly, and 
produced little fruit, as if the conductor 
robbed them of the vivifying electrical 
principle which they received from the 
air; and that after removing thoſe wires, 
tke plants ſoon became as healthy and E 
luzuriant as the reſt +. 


| Pr. Mee Hong endeavoured to verify 
thoſe aſſertions by means of accurate expe- 
riments, but the reſult proved, that in none 
of the above-mentioned caſes the vegeta- 
tion of plants appeared to be in the leaſt 
influenced, —_ by the natural or artificial 

He expoſed growing plants, 
and the ſeeds of plants, in carthen pots or 


2 Boe the Abbe Berticlon's Blearize der Meteerer: 
+ See Giardini's s Diſſertation de influxu elettricitatis 


aungſpbericæ in vegetantia. Bar any 
34 furniſhed | 
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furniſhed with proper nouriſhment, to the 
_ conſtant action of electricity for, a conſider- 
able time; and, for the ſake of compariſon, 
kept other plants, and other ſeeds of fimi- 
lar plants, in the fame ſituation, &c. but out 
of the influence of electricity. He found 
that the vegetation of the latter, did not ap- 
pear to be either more or leſs forward, than 
that of the former. The experiments were 
repeated on different plants, and with va- 
rious diſpoſitions of the apparatus; but the 
reſult was conſtantly the ſame, . viz. that, 
whether they were electrified or not, and 
whether they were electrified poſitively or 
negatively, they grew with equal quickneſs 
and ſtrength, provided every other circum- 
ſtance remained unaltered *, 


* « « Je faiſois quelquefois ces GO. en 
appliquant aux plantes une electricitẽ trs-foible, & 
d'autres fois beaucoup plus forte, ſans que j'ai jamais pu 
obſerver que les plantes expoſces à un degrẽ quelconque 
d' electricitè, ayent proſperẽ plus que celles qui n'etoient 
pas electriſẽes du tout. Il m'a meme paru plus d'une 

fois, que celles qui ne Vavoient &t6 eleAriſces, | <tojent | 
an peu moins avancees nee . 

enn 5» 64 £51 ny 
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In the courſe of thoſe” experiments, the 
Doctor obſerved the extenſive influence of 
light on vegetation, and found it to be ſo 
great, that he very juſtly attributes the miſ- 
takes of former experimenters, principally, 
to the neglect of that circumſtance. That 
growing plants are in want of light, has 
been lang known, but Dr. Ingen-Houſz 
found, that if adult plants wanted light, the 
germination of ſeeds is ſo far from being 
aſſiſted by that element, that it is conſider- 
—_— retarded 5 42 the eg ae. 


. « Non 8 experiences, j'c en Fa 2 
infiniment plus concluantes, en ſemant des grains de 
moutarde & de creſſon ſur les plus grands plats de 
fayence que je pouvois trouver, couverts de papier brou- 
illard, & arroſẽs continuellement rempli d' eau. Chacun 
de ces plats ẽtoit parſeme de plus de mille graines. Je 
tenois les plats ẽlectriſẽs nuit & jour, de la maniere que 
M. Schwankhard à dectite dans la lettre cit'e a M. 
Ehrmann, & que je m/abſtiendrai de rẽpẽter ici, afin de 
ne pas groſſir inutilement le mẽmoire. La vegetation 
de ces eſp&ces de petites forets, ẽtoit toujours plus ou 


moins -precoce, à meſure du plus ou moins de lumigre | 


que les plantes recevoient, & l electricitẽ ne contribuoit 
abſolument en rien à les faire croitre plus Prompte» © 
ment. 


7 
4 


5 - 5 TE . 
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With reſpect to the other aſſertions, viz. 
of the vegetation being promoted by the 
vicinity of a vertical conductor, and of 
being checked by the horizontal wires, the 
obſervations muſt have been made in a very 
inaccurate manner; for, in the firſt place, 
$ by the very con ſtruction of a vertical con- 
ductor, ſuch as is uſually erected for the de 
fence of buildings, the air about it, inſtead 
of being more electriſied, is likely to hes an 
a great meaſure, deprived of its electricity | 
by the conductor itſelf; and as for the ho- 


rigontal-conductor,. or. ye Arn ary 5 


electricity of the air. is ſo little abſorbed 


1 by 


them, that on account of their being, inſu» | 
lated at both ends, I. do not think that an 
atmoſpherical electrometer would be leſs 


ce ee 


* +I -> +. 
1 >4 3.444 


« « P 6 obſerve que 8 du el 6 falutaire a 
| plantes adultes, eſt tres- nuiſible au develighcthent* des 
ſemences, & A Paccroiſſement des plantes'tres-jeunes. 


e abi, a Nd di 


_ Ceſt pourquoi les graines de moutarde, de creſſon, ; & 


probablement de toute autre plante, fe. developpent 
plutse. Etant placees au fond d'une chambre, que lorſ- 
qu'on les met pres des fenetres, & c'eſt probablement | 
faute de cette attention, qu'on a portẽ juſqu a preſent un 
jugement erronẽ ſur la cauſe de c 1 55 
plantes eleAriſces,” | "3 5 rt rtf 21 Fd, ©. 
"I R 3 'con- 
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conductor, than it would at any other diſ- 
tance from it. But Dr. Ingen-Houſz, in 


order to remove every poſſible difficulty, 


had ſeveral conductors ſituated vertically 
near ſome plants, and had others ſtretched 
Horizontally over other plants. They were 
left in that ſituation for a conſiderable time, 
but no particular effect enſued, for the 
plants near the conductors appeared as vi- 
gorous, as others of the ſame ſpecies ſituat- 
ed at a 8 from ns oonductors. 


1 the ethics vegetd-blefrical cu- 
croſities, it was ſaid, ſome time ago, that the 
motion of the ſenſitive plant (Mimoſa) was 
an electrical phenomenon, and that it would 
ſhut up its leaves, &c. when it was ſtruck 
_ with ſome conductor of electricity; but 
that if ſtruck with an electric, no contrac- 
tion would enſue. My reader may reſt 
aſſured, that from my own experience, as 
well as from that of many other perſons, 
the aſſerted fact is by no means true. Whe- 
ther that plant be ſtruck with a conductor, 
as the human hand, a piece of metal, &c. | 
or with a non- conductor, as glaſs, ſealing- 


Wax, and the . the mn. take 
c ' place 
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place without any apparent difference, pro- 
vided the ſtrength of the ſtroke, and every 


other . circumſtance, remains unaltered. 
Whether the plant be inſulated or not, is 
likewiſe immaterial. Imagining that the 
ſingular property of that plant might be 
ſomething analogous : to the contraQtile | 
power of animal bodies, which goes under 
the name of Animal Electricity, I applied 
different metals to the ſtock and. leaves of a 

plant of that ſpecies, but I could not ob- 
ſerve any particular phenomenon ; for when 

the plant was touched with the metals very 
gently, no contraction took place, and when 
ſtruck with a certain degree of violence, 
then it would contract, whether it was 
touched with one metal, or two metals, or 
with any other body. In ſhort, it ſeems 
that the peculiar contractile property of the 
ſenſitive plant has nothing to do with elec- 
tricity, It muſt not, however, be under- 


ſtood, that electric ſhocks, or ſtrong ſparks, 
have no effect upon it, for by the action of 
thoſe powers the plant is cauſed to contract 
its leaves very powerfully; but this does 
not ſhew that the contraction of the plant 
is an electrical ene lince the elec- 
N 4 "0 
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tric ſhocks or ſparks ſtimulate the plant as 
much, or more, than the contact of other 


bodies, as they are h in the aſua] man- 
Ber. 


17 ſhall conclude this ſection, with men- 
tioning the very eaſy and quick manner in 
Which the plant, called Balſam (Impatiens) 
is killed by means of electricity. The 
plants of that genus are not remarkably de- 
 licate ; ; they grow ealily, their ſtocks and 
branches are thick in proportion to the 
fize of the plant, and they bear the incle- 
mency of the weather tolerably well; yet a 
very ſmall electric ſhock ſent through the 
ſtem of a balſam, is ſufficient to deprive it 
of life. A few minutes after the paſſage of 
the ſhock, the plant will droop i its head, the 
Teaves and branches become flaccid, and, in 
ſhort, its vegetation is quite deſtroyed. 1 
| have, indeed, known ſome plants of that ſpe- 
cies which have revived after a day or two; ; 
but that effect ſeldom takes place. A ſmall 
Leyden phial, ſuch as may contain ſix or 
eight ſquare inches of coãted ſurface, is 
ſufficient for this purpoſe; and it may even 
be effected by means of ſtrong Pr from 


8 | the 
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the prime conductor of a large electrical 
masse poets 


In this experiment, neither the internal 
veſſels, nor any other part of the plant, ap- 
pear, to be injured, and indeed the ſize of 
the plant, and the inconſiderable ſtrength 
of the ſhock which is uſed, are ſuch as not 
to indicate the poſſibility of the veſſels being 
burſt, or of the vegetable 'organization ſuf- 
fering any other material derangement ; it 
would, therefore, be uſeful to inveſtigate the 
immediate ow: been ene the death 
of the bine. 


Having ſubjected 6 ſeveral other plants to 
the action of electric ſparks and ſhocks 
from Leyden phials, J have not found any | 
that can be ſo materially hurt by an electric 
power, ſo ſmall in proportion to its ſize, as 
that which is ſufficient to * the po. 


fatzon of a ballam. 
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_ EXPERIMENTS axD OBSERVATIONS |, 
CONCERNING TUE. 


EFFECTS oy ELECTRICITY 


ON METALLIC SUBSTANCES, 


N addition to the various effects of elec- 
tricity on metallic bodies, which are 
contained in the- preceding part of this trea- 
tiſe, I ſhall, in this ſection, collect together 
ſeveral other ſcattered materials of the ſame 
nature, as they may be of conſiderable aſſiſt 
ance to thoſe who are willing to follow the 


inveſtigation. of this curious and e 
* | 4 2.59 pot 


In melting platina by means of electric 
ſhocks, I find a great difference in the re- 
ſults of the experiments, which ſeem prin- 
* to ariſe from the various ſtates of that 

| | extraordinary 


* 
* 
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extraordinary ſubſtance. Having procured 
ſeveral ſpecimens of platina in grains, I ſub- 
mitted them to the action of electric ſhocks, 
in the. following manner: A groove was 
made, by means of an ivory paper-cutter, 
on a flat piece of wax. The depth of the 
groove might be about one-tenth of an 
inch. Two braſs wires were placed at the 
_ extremities of this groove, ſo that their 
ends came within half an inch of each other, 
and in this ſpace the grains of platina were 
laid one after the other, and care was taken 
that they might juſt touch each other ; but 

no more grains of platina were uſed, than 

were neceſſary to complete the communi- 
cation between the two wires. After this, 
the two wires were made to communicate 
with the inſide and outſide coatings of the 

: charged electrical battery, and thus the 
ſhock was ſent through the platina. The 
grains of metal were by this means partially, 
but evidently, fuſed, ſo that ſometimes two 

or more of them adhered to each other. 


As the grains of the metal, when pro- 
miſcuouſly taken, were; ſometimes large, 
_ at other times ſmall, one. might have 
| expected 
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expected that the ſmall grains would have 
been fuſed eaſier than the large ones, but 
this was by no means always the cafe; 
ſome of the ſmall grains were ſo refractory, 
as not to ſnhew any marks of fuſion when 
examined with the microſcope, even after 
having ſuffered ſeveral electric ſhocks. On 
the other hand, ſome of the large grains 
were frequently agglutinated together by a 
moderate ſhock. Upon the whole, it ſeems 
that the whiter grains are fuſed more eaſily 
than thoſe 505 A dark grey be 
ben t. the grains were bes * e 
in the groove without any diſtinction, and 
as ſtrong a ſhock as the battery could afford 
was ſent through, the marks of fuſion were 
more evident than in the other caſe; but 
this effect ſeemed to depend on the ſmall 
particles of gold and of iron that were in- 
termixed with the platina; for when the 
experiment was tried with ſpecimens of 
platina that were more pure and free from 
heterogeneous particles, the marks of fuſion 
were leſs manifeſt. After this obſervation 
one would naturally i imagine, that the purer 
the platina is, the more difficult it will be 
bo dds - | to 
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to fuſe it by means of electric ſhocks;;" but 
[ find that filings of malleable platina, treat- 
ed in the above- mentioned manner, are 
more 0 fuled: than the e e rains. 
Paris a few. years ago. 1 a Mr. n pe | 
it was ſold as very a platina, unmixed 
with any other metall. 1 ai tao 

The Far * falbility. ** different OS 
tallic ſubſtances, when expoſed to the ac- 
tion of electric ſhocks, is by no means the 
ſame as that which takes place in chemical 
furnabes, which ſhews that the electric 
fluid is not the ſame thing as the element 
of fire; the effects, in general, ſeeming to 
be proportionate to the degree of reſiſtance 
which it meets with in its paſſage: but 
with reſpect to metals, the degree of fuſi-⸗ 
bility which they ſhew in this way, ſeems 
to be in the compound proportion of that 
reſiſtance which each particular metal offers 
to the paſſage of the electric fluid, and of 
its natural degree of fuſibility When ex- 
e to a common fire. 
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Many perſons have attempted to deter- 
mine the degree of fuſibility of metals by 
the action of electricity; but no one ſeems 
to have ſucceeded ſo well as Mr. Van Ma- 
rum, who, for this purpoſe, employed the 
famous electrical machine belonging to the 
Muſeum of Teyler (which has been de- 
ſcribed in the ſecond volume of this trea- 

tiſe) and an electrical battery, which con- 
tained 225 ſquare feet of coated ſurface. 
Mr. Van Marum had wires of different 
metals drawn of the ſame diameter, which 
was equal to one thirty- ſecond of an inch, 
and by expoſing equal lengths of them ſuc- 
ceſſively to the above-mentioned battery, 

which was charged equally high in every 

- experiment, found, that of the leaden wire 

120 inches were melted, of tin wire the 

like quantity, of iron wire five inches were 
fuſed, of gold wire three inches and a half, 
and of the filver wire, or braſs, or copper, 

a a quarter of an inch only was melted, which 
ſhews a pretty good eſtimate of their fuſi- 
pg by the action of nn 18 


From 
* degrees 4 of various metallic ſub- 


3 
degrees 
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From thoſe and ſome other experiments 
made with the ſame apparatus, Mr. Van 
Marum deduces the following concluſions, 
viz. that lead is the worſt, and, upon the 
whole, copper is the moſt eligible metal for 


the conſtruction of a conductor of 2 5 
ning. i 


That he could not poſſibly determine the 
proportion between the lengths and dia+ 


degrees of heat, which are neceſſary to fuſe them, as 
calculated by the Academicians of Dion. are as * 
low: * 

"Tin'-< = e of Rear amade. 
Lead 230. a | 
Siber 430. 

Gold - - 563. 1 g 
Copper 630. : 3 
Iron - - 696. 


„% 
wood, F. R. S. the degrees of heat, which are necellary 
to melt metallic r aver nach | 
Braſs — e | 
5 green. g. eee 
Pine ſilver . Wh. 
_ Fine gold 55237. 
Caſt iron 7 
Zee the Phil. Tranſ. Vol. LX XII. 
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meters of metallic wires, that could be 
melted by the power of the Teylerian ma- 


That iron, tin, and copper, were melted 
into globules, but this was not the a" 
with the other metals. | 


That the metallic globules : were ſome- 
times thrown to the diſtance of thirty feet, 


and OT 53 
5 That the Hobules of tin remained red 
hot for about eight or ten Wages: Ao 
That when the wires were very long, the 
fuſion was _ n we 


- 


Mr. Van Marum had the PF oo of 
trying whether the metallic wires could be 
fuſed and calcined in water, viz. by ſending 

the charge of the battery through | them 
whilſt ſtanding under water, and he tuc- 
ceeded whenever he uſed the eighth part of 
that length of wire, which would have been 
calcined if the experiment had been per- 
formed in air. N | 


z 7 #4 x £ * 0 
; Ak 58 7 n r 
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ate fuſed by 
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The eafineſs with which iron and ſteel 
violence with which mall Takicles of "= 
burn, renders them peculiaply uſeful in 
entertaining experiments. The filaments 
produced in turning of ſteel are ſo very 
readily ignited by an electric ſhock, that 
ſuch. of them. as are very fine, may be. 
burned by means of a fſix-ounce coated 
phial, or even a ſmaller one. They may be 
alſo burned by a fingle ſpark from a large 
prime conductor. If one of thoſe flamentꝭ or 
ſhavings, which may be frequently procured 
at the optieians ſhops, be put 8 4 
cartridge, the gun- powder may, in 
cafe, rent, en. os vey” ſmall elec· 
trie e . | 


1 


Vor. III. 
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NOTES Au ADDITIONS 


TO VARIOUS PARTS OF THIS TREATISE. 


N experiment is deſcribed in page 
324 of Vol. I. which ſhews that 
hot air is a conductor of electricity. From 
the manner in which that experiment is 
performed, one may be led to ſuſpect that 
the effluvia which proceed from red-hot 
iron may contribute towards rendering 
the air a conductor. It appears like- 
wiſe, that the air muſt be heated to a 
conſiderable degree in order: to become a 
conductor. Without entering at preſent 
into a minute diſcuſſion of thoſe particulars, 
I ſhall here only ſubjoin an experiment of 
Mr. Reap, by which he means to prove 
| that Hot, a air is . a conductor. ; 


«IT 
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I has been alſo commonly faid 
ti that hot air conducts electricity. With 
0 view to aſcertain this matter, the fol- 
© lowing experiments were made: To one 
gend of a long piece of wood (which ſerv- 
« ed as a handle) was fixed a glaſs rod fif- 
teen inches long; to the remote end of 
the glaſs was fixed a pith- ball electrome- 
&© ter. Having electrified the balls, I held 
them by the wood handle, and projected 
« them into a large oven, immediately after 


e the fire was drawn out of it; the conſe- 


* quence was, that when I performed the 
« operation ſlowly, the balls loſt their elec- 
« tricity ; but that when done quick, with 
* as little delay as poſſible, their electric 
cc charge was not diminiſhed. The loſs of 
« electricity, in the firſt caſe, was found -to | 
have eſcaped along the glaſs into the 
ce wooden handle, and ſo to the earth, ow- . 
« ing to the great heat the glaſs rod had 
« acquired, by which it became a conductor 
« of the fluid, for until it had cooled a lit- 

6 a tle the balls could not be charged n 


41 ſhall hy before the reader one cir- 
. cumſtance more, becauſe it may tend to 
| 8 2 2 4 throw | 
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4 throw light on hat degree of heat the 
oven was in at the time the obſervations . 


* were made, The baker having pointed = 


out to me the hotteſt part af the oven; 
with a quick motion in and out, I plung- 


& it, by which one thread and ball was 
< burned off, but che remaining ball ſhew- 
© ed that it ſtill retained its electrie charge, 
« becauſe it was ſtrongly attracted on had 
r e lil a $o23as 


The focus of a batuing ls er mirrour is 


that proceeds from the outſide of a charged 
Leyden phial, come within an inch of the 
|  knobof the jar, or, in ſhort, fo as to be very 
- Hittle farther from it than the ſtriking 8 
tance. Let then the focus of the ſolar rays 

that are collected by a lens or mirrour, fall 

midway between the knob of the phial and 
the wire which proceeds from its outſide, 
and it will be found, that the charge of the 
ATTY is not OE Gifpated; whereas, if 


„ Read's „ Eledricity, + 
5 8 and 9. | 


the 


not a condudtor of electricity. Let a wire 
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the flame of à candle, or any other co! - 
ducter of electricity be interpoſed between 
the knob and the wire, the diſcharge will 
_ immediately take place. This experiment 
| ſeems to corroborate the ſuppoũition, that 
the rays of, the ſun, ar of light in general, 
have no heat, in themſelves, but only extri- 
cate the elementary heat from ſuch bodies 
as they happen to fall upon, provided thoſe - 
0 obſtruct their con webs ond; are not 
_ —_— "i 63 EL” 
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7 be — paragraphs contain 7 a 
Es properties of . . 


— 
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I is een to nüt u upon «one 
* ealled the equilibrium of an electrical 
charge, becauſe Dr. FRANKLIN has admi- 
rably explained it according to his hypo- 
theſis. But there is another important par- 
ticular, which has been almoſt entirely 
overlooked, namely, the uncompenſated 
n, 
| „ 3. 53 


262 A ComPprLeTE TREATISE - 
as that which is in equilibrio. Whenever 

a jar is charged, the greateſt part of the 
electricity becomes latent on account of the 
compenſation; but there is a certain pro- 
portion which remains on the inſulated fide, 
and exerts its force to prevent the electri- 
city from returning to the outer ſurface. 
In moderate intenſities this will explode, 
and carry the charge with it to diſtances 
which are in proportion to the quantity of 
the charge itſelf ; but in greater intenſities 
the diſtances greatly exceed that propor- 
tion. With glaſſes of different thickneſſes, 
this intenſity, as meaſured by the exploſive 
| ſpark, is as the thickneſs when the charges 
are equal, as Mr. Cavendiſh has determined, 
and I find likewiſe by experiments with 
thin ſubſtances ; but when the thickneſſes 
are greater, it increaſes in a higher propor- 
tion, as is found by the explefion which 
takes place between the electrophore and 
= plate, as well as by other experiments, 


This uncompenſated part of the Earns 
(which is commonly in proportion to the 
quantity of latent or compenſated electri- 
aich or to the diſtance at which it exerts its 
4 * | : | action) 


4 
* 
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action) was found to be greatly increafed 


| when a ſeries of jars were made to charge 
each other. If a jar be inſulated, and made 
to explode by LAxx's electrometer at a de- 
terminate number of turns, and another jar 
be then connected wirh its external coat- 
ing, ſo as to become charged by that means, 
the exploſion from the outſide of the laſt, 
to the inſide of the firſt, will take place at 
the electrometer (unaltered) with much 
fewer turns. Or if the electrometer be al- 
tered till the exploſion takes place at the 
original number, the diſtance will be much 
greater than before. Hence we ſee, that 
the intenſity of the uncompenſated part 
muſt be greater when there is a greater 
charge to be maintained, whether it be on 
one ſurface only, or on two dankee ſuc- 


cell vely dame 


65 Iti is 5 thi the breakit g of jars 
is not effected by any attraction between the 
electricities which form the charge, but by 
this neceflary ſurplus ; for thicker glaſſes 
require much leſs electricity to produce an 
intenſity which breaks them, than thinner : 


= 1 7 J found a Jour of Me; tale, 


/ g f 4 I 
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one-hundredth of an inch thick, to bear a 
por conſiſting of ten times the quantity - 
ol electricity, which was ſufficient to have 

charged an equal ſurface of common glaſs, 
ſo as to break it; but the intenſity of the 
very denſe charge on the talc was ſo low as 
to afford an exploſion of no more than about 
one-tenth of an inch, while that of the glaſs 
jar it was compared with ä . 
ut five inches. 


* The on of glaſs by the oo 
ſpark, or by the ſpark through oil or c- 
ment, ſeems to depend on the very great 
intenſity of the electricity which has not 
time to diffuſe itſelf, but charges a minute 
part of the ſurſace very high. | 15 
= Muſcovy tale being a very pe d non 
conductor, and capable of bein g divided 
into plates of leſs thickneſs, than one two- 
hundredth part of an inch; 1 made many; 
experiments with it, which are too nume-, 
rous to enter into this paper. In conſe- 
_ «quence of its great capacity it gives very 
ſtrong ſhocks. Contrary to the afſertion of 
FO 1 und that . are na- 
ng 


++ # 


N 


| oppoſite ſtates. The greateſt: care Was 


— 


en ELECTRICITY. 265 


turally in ſtrong oppoſite ſtates of electri- 
city, and flaſh to each other when torn 


aſunder in the dark. A large piece being 
ſplit in two, the n were found to be in 


taken in theſe experiments to avoid frie- 
tion, and to uſe ſuch pieces as had never 
been excited, W 
ckine c. J | 


Di is well nw hier 


* the Leyden. phial, a reſiduum of electri- 
city always remains on the glaſs Whether 
- coated or not. This reſiduum is very ſel - 2 
R ⸗˖ô7— A 


diſcharge ; but it becomes manifeſt a cer 


. certain degree, and then decreaſes until ir : 
entirely vaniſhes. Mr. Read has obſerved, _ 
that the accumulation of this reſiduum is 2 


| charged, and 


{ en aaf Vol, LAXIX, 


tain time after, contianes increaſing to - 


let — s condenſer of electrieityi 


in order to which, a Leyden bottle was 
and "then diſcharged, by tourking 


2 


4 Mr. Nichole 8 N and Obſerratins an 


DP, 
. * 


f ite | | 
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| its coated ſides with a diſcharging rod. It 5 
no appeared to be deprived of all its elec- 
tricity ; yet if I held it by the coating, and 
touched with the knob of it the metal plate 
of the condenſer (placed upon an imperfect 
conductor) and held them in contact a few 
ſeconds of time, then temoved the bottle, 
and took up the metal plate by its inſulat- 
ing handle, and preſented it to a ſenſible 
electrometer, the electricity was ſtrong 
enough to enable me to aſcertain its quality. 
But theſe beautiful effects diminiſhed by 
repetition; and I repeated the experiment 
until no electric ſigns appeared in the con- 
denſer. However, while we were talking 
| the matter over, I ſtill held the bottle in my 
hand, and after a long interval of time, from 
our laſt trial, I repeated the operation once 
more; and, to our aſtoniſhment, we found 
the bottle ſtill ſtrongly electrical. This 
new revival of the electricity we could attri- 
bute to nothing but the diffuſive warmth 
of my hand, acting on the electricity of the 
bottle. This ſet us to work again, and to 0 
- try the bottle by turns in a warm and cold 
ſtate, and we found that our conjecture of 
"ge WER — : ; | | the 5 
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5 the cauſe was confirmed. by _— 
trials v. 3 


N.III. 


THE amalgam of zinc and quick. 


filver, deſcribed in page 142 of vol. I. is 


apt to become very hard, eſpecially when 
left untouched: for ſome time; this may be 


partly prevented by mixing it with a little 


| greaſe, a8 tallow, or mutton- ſuet, ; and a 


very ſmall portion of finely powdered whi- 


tening. The proper way of preparing this 
amalgam is the following: Let the quick= 
filver be heated to about the degree of boil= _ 
ing water, and let the zinc be melted in a 
Crucible or iron ladle. Pour the heated 


quickſilver into a wooden box, and imme- 


diately after pour the melted zinc in it. 
Then ſhut the box, and ſhake it for about 


half a minute. After this you muſt wait 


por the analgam is * cold, or W | 


he Rents Sunmar View fk spam Bras. 
60. p · 16. 
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fo, and then you may mix the greaſe with 
it by trituration.—If the melted zin be 


poured into the quickſilver when cold, a 
very ſmall portion of the former will be 


amalgamed, the reſt — in lumps of 
different fizes. ' 


45 1 * A i 
97 the - ſu pecrel ata protucic 7 
Elfricity from Eving animalt. 


* 


SkyrR Al. pere have ner 


and ſomè lia ve even aſſerted their having dif- 


covered, that living himdls generally yield 
ne electricity, which, though moſtly pol - 
>, is however ſometimes negative. Thoſe 


- ſfpicions and aſſertions, joined to the te- 
cent diſcovery of that prope 


T9608 anda ? 
bodies which has been called animal elrrri- 
cy, induced me to try whether any ſach 


 ſpontancots production of electricity could 
be aſcertained or diſproved; and with this 


: vitw I made ſome experiments, the reſult 


of which ſeemed: to ſhew, that no electric + 


% E'L20TRIONTY. 20g 
was produced by any natural proceſs in the — - 
animal ce y. The method which 
adopted was as follows: I inſulated either ©. 
'® -my{elF « or ſome other perſon, and after a cer- 

tain time T examined, by means of an elec- 
trometer, whether any electricity was pro- 
duced. - The electrometer was generally - 
electrified, ina ſmall degree, either poſitively 
or negatively ; but it ſcemed ta me that 
this electricity was either produced from 
| ſome accidental friction, ar it was commu- 
nicated by the ſurrounding air; for when 
the electricity of the, atmoſphere was: ven | 
weak, and the inſulated perſon. avoided - _ | 
every ſort. of movement as much as it was 
bes the are ee . ern © 


"7 


det: ens. oight dune ey OR. 
to imagine that this electricity wayproduced = 
2 the natural Toe ar reſpu 
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N- V. 7 


Obſervations and experiments relative to the 
Electricity produced by evaporation ee 
Page 267 and 268 of vol. II. 


| MR. VOLTA's diſcovery of the elec- 
tricity which is obtained from the evapora- 
tion of water, and ſuch other ſolid or fluid 
bodies as can be reduced into ſmoke or va- 
pour; beſides its affording an eaſy explana- 
tion of the drigin of the electricity in the 
clouds, &c. ſeemed to point out a general 
law of nature, viz. that the capacity of 
water, and other fluids, for holding the elec- 
tric fluid, was increaſed by thoſe bodies be- 
ing expanded into the ſtate of elaſtic vapour, 
and was diminiſhed by thoſe bodies being 
condenſed into their other fluid form. 
Therefore, in the firſt caſe, by imbibing an 
additional quantity of electric fluid, they 
would leave the bodies, that happened to be 
in contact with them, in a negative ſtate ; 
and, in the ſecond caſe, by giving out a 
quantity of electric fluid, they would leave 
the bodies, that happened to be in contact 
with them, in a poſitive ſtate. 


= 
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All the experiments made on evapora- 
tion for ſome years after this diſcovery, were 
attended with reſults conformable to the 
aboye - mentioned general law ; but two re- 
markable exceptions have of late been diſ- 
covered, which, beſides their contradictin 
the ſaid law, ſeem to point out a more in- 
timate connection between the electric fluid 
and other bodies. The firſt of thoſe ex- 
ceptions was diſcovered and publiſhed three 
years ago, by a learned profeſſor of the Aca- 
demy of Mantua; the ſecond was very 
intoty diſcovered by myſelf. 


The Mantuan Proton PPT a> that 
when water was eyaporated by being put in 
contact with a red-hot piece of ruſty iron, it 
would leave the iron electrified poſitively ; 
whereas when the experiment was tried with 
a clean piece of iron, the electricity acquired 
by the metal would be of the TE : 
kind F. 5 


s F 
\ 1 
833 


* 8 et tenuem Lia ferream, quiduer aut 


aquinque pollicum extenſam, et ferrugine undique team, 


data opera ſclegi, hanc intra carbones tandiu detinui, 
quandiu candens fieret caute agens ne rubigo perdere- 
. EM 5 5 \ 2 | 5 | . tur, 
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When I firſt attempted to repeat this cu- 
rtious experiment, the reſult did by no means 
anſwer my expectations; the electricity, 
which was produced being of the negative, 
and not of the poſitive kind; but obſerv- 
* that ſometimes no ſenſible __- of 


en lere bel intra s Seen tanta aqua plenum, 
quanta fufficeret- ad totam laminam tegendam; ex en- 
tinctione lamellæ ebullitio, et evaporatio maxima orta 
__ eſt, et inveſtigata electricitas ſubito deprehenſa eſt poſi- 
- tiva ad lineas duas, et ultra, quse paulatim minuebatur, 
prout minuebatur calor, ebullitio, et evaporatio, et iſtis 


-, ceſfantibus ceſſavit et ip. Alio fruſtulo ferreo fimili 


ſimiliterque ferrugineo, et fortaſſe a primo ſcparato, et 
ſecto expertus ſum, et poſitivam etiam obtinui duarum 
-Efiearuni. Prazterea iiſdem fruſtulis iterum uſus ſum, et 
millam- amplius babui poſitivam electricitatem, amiſe- 
runt ipſa omnem ferruginem ſuam a primis experi- 
mentis; tentavi per alia fruſtula ferruginea, æque po- 
firivant dederunt ; potuit ne aliquid præſtare data fer- 
| » Fugoz qua maxima erat, et ubique per univerſam fuper- | 


blem difperſs ad reddendam electricitatem 


gue ceteroquin negativa eſſe debebat ob nimiam et 


repentinam evaporationem. Joſephi Gardinii Diſſertatio 
ns ElcArici Ignis Natura, p. 124. ; f 


Tue fame gentleman obſerved, that in P" experi- 
ments of the ſame nature, the poſitive electricity was alſo 
produced; but that effect was not conſtant, nor have 
1 been able to obtain the fame e the _ 
6G ES 
6 . - - | * 0 
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electricity was produced, though the eva! 
poration was very quick and copious, I 
began to ſuſpect that the iron, which I had 
employed, was not ſufficiently covered with 
ruſt, in conſequence of which two oppoſite 
ſtates of electricity might poſſibly be p/y _ 
duced, viz. the negative from the clean, and 
the poſitive: from the ruſty, part of the icon: 
which two oppoſite ſtates, by counteracting 
each other, would leave the iron un- electri- 
fied. After various repetitions of this experi- 
ment, in which either the ted-hot iron was 


thrown into the inſulated water, or the wa- 


ter was poured upon the red-hot and inſu- 
lated i Ton, T found that this was N the 
. caſe. rte | 4 8 


1 ee fi ola iron an n 
had remained expoſed to the atmoſphere for 
ſeveral years, and of courſe had contracted a 
very thick coat of ruſt; and on performing 
the experiment with them, I obtained poſi- 
tive electricity, agreeably to the aſſertion of 
the above - mentioned gentleman; The fame 
nail very ſeldom would anſwer for more than 
one experiment; fot the action of the fire 
and of the water generally removed a great 
„ d 
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deal of the ruſt, and exhibited the naked 
metal, which would afterwards acquire 
the negative electricity. Here follows the 
manner of ee, this "vewbable: exe 
Fend. 113 | ru LITER 
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pour a ſmall quantity of water in it, and let - 
2 ſenſible electrometer be connected with 
the water; then drop a red- hot piece of 
iron into the plate, and it will be found, 
that, if, very ruſty iron bo uſed, the electro- 
meter will be opened with poſitive electri- 

city; if the iron be clean, or free from, ruſh, 


the clectrometer will acquire the negative 
electricity; and laſtly, if the iron be partially 


ruſty, the electrometer will acquire little 
or. no electricity, though, in every caſe the 
"_ Fay be g a 1 and * 


"The 3 exce 8 of the 3 en 
tioned general law is ſhewn by means of red- 
hot glaſs, which I chanced to diſcover very 
lately. Tbe various degrees of electric 
power that are produced by the evaporation 


- of water from different ſubſtances induced 


; x 
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me to Slverke the experiments as much as 

I could; in order to diſcover; if poſſible, 
the reaſon why thoſe different effects took 
place when the” evaporation ſeemed=to be 
equally: quick and copious: Amongſt other 

ſubſtances, I tried glaſs, and found that 

generally produced little or ho electricit. 
The water was ſometimes poured upon the 
hot glaſt but in general the hot glaſs was 
dropped: into the inflated water, which 
was contained ity 4 tin cp However; the 

difference of offect was found not to bo = 
caſioned by thoſe two difftrent modes of 
proceeding! Hating repeated this experi- 
ment a great may times, at laſt found. 
that the effect depended on the differ. 
ent nature of the glaſs. If white and clean 
flint glaſs be made ret: hot, and im that ſtate 
be dropped into che teſſel Of water a quibłk 


evaporation ' wilt enſue, and the veſſel s 


electrified poſitively, if che flint glaſ be 


not very clezr, there will not / be any se 


nichy gegemisd by che eespoddtion 0. 
And laſtly, if the experiment be tried with 
more impure glaſs; a8 the glaſsg f which, 
wine bottles are made, the negative electri- 5 
15 will be Produced? N 24 
4 95 1 Tz „ 
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In performing this experiment, it is ner 
ceflary to take care that no piecgs of coal 
adhete to the glaſs, which will frequently 
happen when a piece of glaſs is heated in 
a common fire; for in that caſe negative 
electricity will be produced by the evapo- 
| AO —_ the 8 flint n be N 
val has See RAY in the ack 
of my experiments, that no electricity what- 
eyer has been produced by the evaporation = 
of water from certain ſubſtances; However, 
as in thoſe caſes the evaporation was not 
very copious, I attributed the deficiency of 
electricity to the weakneſs of the evapora- 
tion. But a very remarkable inſtance f 
this ſort: is mentioned in the diſſertation of 
the above-mentioned ingenious Profeflor #. 
He ſlaked 25 pounds weight of quick 
lime with a ſufficient: quantity of water, 
and though a very copious evaporation took 
place, yet ĩt was not attended with any elec - 
tricity. Should any perſon ſuſpect, that the 
deficieneꝝ of electricity in this experiment 
W owing: to 1 en coals or 
17/233. eee 1 55m 9 e Sotw _ 
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actual fire, he ſhould confider, that in other 
_ ſimilar proceſſes electricity is produced with- — 

out any actual fire; thus the evaporation, 
which is occaſioned by the efferveſcence of 
iron filings in diluted vitriolic acid, pots 
Oey FOE. : 


* 


Aſter a careful examination of the aboves 
mentioned experiments, the origin of the 
electricity, which is obſerved in the evapo- 
ration of water and other evaporable ſub- 
ſtances, whether ſolid or fluid, ſeems not to 
be reconcileable to the general law already 
noticed, nor can I form any plauſible theory 
that can be -ſufficient to account for all the 
phenomena. If the production of electricity 
in thoſe experiments depended upon the in- 
_ creaſe or diminiſhed capacity of water for 
holding the electric fluid, it ſhould ſeem to 5 
be immaterial whether the water be eva- 
porated in one way or in another, provided 
the evaporation be made with equal quick- 
neſs and in equal quantities. Were it not 

| known that glaſs or iron made red-hot pro- 

duces no electricity in cooling, we might 
ſuſpect, that the electricity, which is pro- - 

| en by the evaporation of water, may be 
; „5 3 coun- 
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counteracted by the contrary; electricity, 
which is produced by the cooling of glaſs 
or iron; but it has been obſerved by ſe- 
veral ingenious perſons, that red-hot glaſs 
and red - hot iron produce no electricity 
whatever when ſuffered to cool * inſu 
lated ſtands, 


1 


"pie Fr: a which 
might be common to white flint glaſs. and 
to calcined iron, it occurred to me, that as 
they were both deſtitute of the power of 
inflammability, or of phlogiſton , therefore 
other ſubſtances, that were in the ſame 
predicament, might produce the like ef- 
fe, viz. might acquire the poſitive elec- 
tricity from the evaporation of water thrown 
upon them after being made very hot, 
With this view I tried a piece of a tobacco- 
pipe made hot; I alſo tried another piece 
of an- ene of a ve We nature, 


+ Haring ot tia any DS bd | 
names in the courſe of this work, it will be. uſeleſs in 


- this place to take any notice of the antiphlogiſtic theory; 
but it will be ſufficient to obſerve, that the remark con- 


cerning — fs . 


ad. 
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and likewiſe tried flints; but the evapots.. 
tion of water thrown upon thoſe ſubſtariets 
always produced- the negative cle&ricity. 
The elucidation therefore of thoſe | phetis- 
mena muſt be deferred until other facts art 
aſcertained. by future experiments. For 
; the preſent we can only ſay, that the ele- 

tricity, which is manifeſted. in the evapora- 

tion, ſeems to depend on ſome other cir- 

cumſtance beſides the mere expanſion of 
water or other fluids into the form of elaſtis 


x. VI. 


been 7 the A- cergng- 2. 1 6 
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5 TAKE a glaſs tube of od ei 3 
inches in length, and an inch, or a inch © 

and a half, in diameter. It is immaterml 
whether one of its ends be cloſed or not. 
Coat the inſide of it with tin · ſolhꝭ but only 
from one open extremity of it to about as 


far as its middle; the other part, which rev 
0 N | MN * 4 | | mains | 2 6 


ee 
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mains uncoated, we - ſhall call the naked 
part of the inſtrument. Put a cork to the 
aperture of the coated end, and let a knob- 
bed wire paſs through the cork, and come 
in contact with the coating. The inſtru- 
ment being thus prepared, hold it in one 
hand by the naked part, and. with the other 
hand clean and dry-rub the outſide of the 
coated part of the tube; but after every 
three or four ſtrokes you. muſt remove - 
the rubbing hand, and muſt touch the knob 


of the wire, and in fo doing a little ſpark 


will be drawn from it. By this means 
the coated end of the tube will gradually 
acquire a charge, which may be increaſed 
to a conſiderable degree. If then you 
graſp the outſide of the coated end of the 
tube with one hand, and touch the knob of 
the wire with the other hand, you wil ob- 
, tain a ſhock, &c. | 


[Tm this 3 tho 8 part "af the . 
tube anſwers the double office of elec- 3 
trical machine and of Leyden phial ; tho 
naked part of it being only a ſort of handle 
to hold the inſtrument by. The friction 
on . outhide « of the tube accumulates . 
a - quantity 
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quantity of poſitive electricity upon it, and 
this electricity, in virtue of its ſphere of ac- 
tion already explained in the firſt volume, 
forces out of the inſide a quantity of elec- 
tricity alſo poſitive. Then by taking the 
ſpark from the knob, this inſide electricity, 
which is by the coating communicated to 
the knob through the wire, is removed, 
conſequently the infide "remains under- 
charged or negative, and of courſe the po- 
_ fitive electricity of the outſide comes cloſer 
to the ſurface of the glaſs, and begins to 


form the charge. By farther rubbing and 


%* taking the ſpark from oy knob this I | 
is en &c. þ 7 
Inſtead: of « tube this ar, FIR 15 
conſtructed with a pane of glaſs, in which 
caſe it will be rather ſimpler, but it cannot 
de managed ſo eaſily, nor of courſe can it 
be charged ſo high as the tube. A piece 
only one ſurface of the pane, leaving about: 
two inches and a half or three inches ß 
uncoated glaſs all round. This Vone, hold 
the glaſs by a corner, with the coated ſide 
W TON and with the other hand rub its 
4 | uncoated: 
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uncaated- fide, and take the ſpark from the 
tin-foil alternately, until you think that the 
glaſs may be ſufficiently charged; then lay | 
the glaſs with its uncoated fide flat upon 
one open hand, and on touching the tin- 
foil with the other hand 2 will receive. 
the ſhock. | | | 


N vn. . 


27 the TIN of the denfity of tttricty in 
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F ROM the analogy of other's emana- 
tions that proceed from a centre, and are 
expanded in all directions, it might. have 
naturally been concluded, that the intenſi - 
ties of electric atmoſpheres (by which we 
only mean the power of acting on other 
bodies) at various diftances from the elec- 


_ , trifiet] bodies, are inverſely as the ſquares of 


_ thoſe diſtances. Thus heat, light, and the 
force of gravity decreaſe as thę ſquares of 
thoſe diſtanbes, or, which is the ſame thing, 
their intenfitics, are inverſely as the- ſquares 
oe ncaa from the centres from - 
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which they emanate ;- ſo that at three times 
a certain diſtance they are nine times weaker, 

at five times that lame. diſtance they are 
twenty - five times weaker, and ſo on *, 
But independent of this analogy, it * 
been proved by actual experiments, and 5 | 
mathematical reaſoning, which was deduced + ' 
from thoſe experiments, that ſuch is the 
Jaw which is followed by the totes of | | 
OE: on, oy . he "= 


11 3 "I I thewn 3 in the 1 1 
work, ny when an inſulated conduting 


80 The uf way of thewing the tryth of this gene ral 
law, is by demonſtrating, that the ſurfaces of ſpheres are 
as the ſquares of their diameters, or the ſquares of their 
radii; for if we conceive two ſpherical ſurfaces to be 
deſcribed at two given diſtances from a luminous centre, 
for inſtance, at the diſtances of one and two feet, it is 
evident, 1ſt, that the fame rays of light which paſs 
| PO the one muſt likewiſe paſs: through the othet of * 
thoſe ſpheres ; ; 2dly, that as the ſecond ſpherical-ſurface- 
| is larger than the firſt, the rays muſt be proportionably 
more expanded at the ſoeond ſpherical ſurface than at the 
firſt ; but the ſpherical ſurfaces ape as the ſquares of the 
Ade which ſquares are one and four; therefore the 
rays of light, or of any other of the aboye-mentioned _ 
emanations, muſt be four times more expanded or lefs 


" intenſe at two feet than they are 3t- ans. fact e 
from the entre, ; | 
N 


. 
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body is brought within the ſphere of action 
of an electrified body, the former acquires the 
two electricities on oppoſite ſides: and that 
in ſome place called the neutral point, which 
kes between the two contrary electrified 
extremities, the inſulated body remains in its 
natural ſtate. Now Earl Stanhope firſt 
determined mathematically the ſituation of 
ſuch neutral point in a cylindrical body 
properly fituated, upon the fuppoſition that 
the intenſity of electric atmoſpheres de- 
ereaſei in the ſimple proportion, and like 
wiſe upon the ſuppoſition of its decreaſing 
in the duplicate proportion (viz. as the 
fquare) of the diſtance. Then he proceed- 
ed to experiments, and by preſenting an 
electrometer to various parts of the inſu- 
Hted cylindrical body, found that the place 
which neither attracted nor . repelled the 
electrometer coincided with the neutral 
point which had been determined upon the 
ſuppoſition that the intenſity of electric 
atmoſpheres decreaſed as the ſquare of the 


diſtance *. 


* + See Lord Mahon” 8 „len was Earl * s for- 
mer title) Principles of Electricity, Part IV. V. and VI. 
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The ſame law of ele&ric atmoſpheres has 
been alſo confirmed experimentally by other 
perſons. Their method in general has been 
to examine, by means of ſcales and weights, 
or of ſimilar inſtruments, the actual attrac= 
tive force exerted towards a certain body by 
an electrified cnc J's at different a | 
ane, 275) 
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F archer 157 70 which the elebrris Lower may 
be applied, in addition to ü the 975 of 
Wn 7. ; 7 5 W 
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PHE « ck lend made to 
con Wy intelligence from one place to 
another at a great diſtance, with the ut- 
moſt quickneſs, have induced me to pub- 
lich the following experiments, which I 

made ſome- years ago, and of which I ſhould 
not have taken any farther notice, had it, 
not been for the above-mentioned circum- 
ſtance, which ſhewed that they may pro- 
Wy be of uſe — wy and other i 
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The object for which thoſe experiments 
were performed, was to fire gun- powder, or 
other combuſtible matter, from a great diſ- 
tance, by means of electricity. At firſt I 
made a circuit with a very long braſs wire, 
the two ends of which returned to the ſame 
place, whilſt the middle of the wire ſtood at 
a great diſtance. In this middle an interrup- 


tion was made, in which a cartridge of gun- 


powder mixed with ſteel filings was placed. 
Then, by applying a charged Leyden phial 
to the two extremities of the wire, (viz. by 
touching one wire with the knob of the 
phial, whilſt the other was connected with 
the outſide coating) the cartridge was fired. 
In this manner J could fire gun- powder 


ftom the diſtance of three hundred feet 


and upwards. But this method was ſub- 
je& to the following inconveniencies.: As 
the wire was laid upon the ground, the 
experiment would anſwer only when the 
ground was very dry. It was found neceſ- 
fary to uſe a large jar for the purpoſe, via 
one which contained about three ſquars * 
feet and a half of coated ſurface; and _ : 
It proved very troubleſome to diſpoſe the 

+ two wires between the cartridge and the 
8 „„ e 
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Lender jar ſo as not to touch each other 
in ſome intermediate place; for when 
that happened the powder could not be 
fred, the charge naturally paſſing from 
one wire to the other at the N of their 
mutual contact. 5 N er aw ee 


12 Co 
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convenience, I tried the experiment with 
one wire. A braſs wire eee 
part of an inch in diameter, and 200 feet 
long, was laid on the ground, and its ex- 
tremity was inſerted in the cartridge of 
gun: powder and ſteel filings. Another 
Piece of the ſame; fort of wire was likewiſe 
inſerted. with one end into the ſame car- 
tridge, and its other end was thruſt into 
the ground. Then, by applying the knob 
of the charged jar to that extremity of the 
long wire which was remote from the car 
tridge, whilſt the outſide. of the jar commu- 
nicated with the ground, I expected that the 
eircuit would be formed partly through the 


wire and partly through the ground, and of 


courſe that the poder would be fired as in 


the preceding experiment. That the charge 
u jar paled through the wire, and 


N Py - 3 . 3 : - 
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through the ground, was evidently proved 
by the powder being ſometimes fired; but 
part of the charge was certainly diſſipated 
before it reached the cartridge; for in this 
' diſpoſition of the apparatus a much greater 
charge was required to produce the deſired 
effect, ſo that a battery of nine ordinary cy- 
lindrical jars would but juſt ſuffice when the 
ground was dry, and every other circum- 
ſtance was favourable. | 


* 


| Conſidering that the bent of fuch 
a battery as might be ſufficient for this pur- 
pole could not be charged or moved about 
very eaſily, I attempted to uſe ſome more 
inflammable ſubſtance inſtead of gun-pow- 
der. - Phoſphorus was the ſubſtance which 
I tried next. The apparatus was diſpoſed 
as in the laſt experiment, excepting that in 
the place of the cartridge a ſmall} piece of 
phoſphorus was ſituated; into which the two 
extremities of the wires were thruſt, ſo as to 
come within about a fiftieth part of an inch 
fromeachother.—Inthis caſe a ſmaller charge 
even than that which had been uſed in the 
firſt experiment was found ſufficient to in- 
flame the phoſphorus; yet this method 
58 | CO, „ 
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was found ſubje& to other inconveniences, 
Sometimes the phoſphorus would $4 na 
without taking fire; at other times 
charge would not paſs through * Rl 

it ſhewed no ſigns of ſuch paſſage, every 

thing remaining” unaltered. It was alfo 

found neceſſary to try: the experiment ſoon 

after ſituating the phoſphorus in its proper 
place; for if three or more hours elapſed, = 
cither the ſoftening or waſting of the — —ͤĩÜ ’ 
tee en the — | =_ 


1 — to GbRtitate — com- 
boſtible ſubſtances ; but after all I found 
none to anſwer either better or ſo well as 

| inflammable air. After having diſcovered 
that this permanently elaſtic fluid was by 
far the readieſt to be inflamed by means of 
electrieity, I tried to improve the wire of 
communication, and after ſeveral attempts 
Lat laſt conſtructed one, which might be 
laid upon dry or een end eren m_y | 
ken rerun . * 
bs 1 . „ E . 
| Without detaining my reader any longer 
with the narration of the intermediate trials, 
I ſhall ſubjoin the deſcription” of the me- 
Vol. III. „„ - ©. oO 
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thod which I found to ſucceed: beſt, and by 
which means gun- powder, or other com- 
buſtibles, may be certainly fired from the 
diſtance of two or three hundred feet, and 


probably from a much greater diſtance 


without danger to the operator, and with- 
out any loſs of time; for the inflammation 
will take place at the moment that the knob 


of the charged jar is preſented to the extre- 
mity of the long wire. 


The infminible ir ant be contained 


in a two or three ounce phial, ſuch as is 


uſed for medicines, which muſt be prepared 


with the bottom upwards, and by ſtriking 


the apex of the conical cavity with a Point- 
ed thick wire, a hole will be made in the 
bottom of the phial. In this hole a piece 


of thin wire muſt be cemented, ſo as to pro- 


ject about an inch within the phial, and its 
external part muſt be bent in the form of a 
hock. A very ſound cork muſt be fitted to 


the mouth of the phial, and another piece 
of thin wire muſt be paſſed through it, ſo 
as to project within the phial, and to come 


with its * to the . of about 
| the 


* — 
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the fortieth part of an inch from the 8 
tremity of the wire that proceeds from the 
bottom. The external part of this wire in 
the cork ſhould be about two or three feet | 
in length. The phial being thus prepared, 
remove the cork from it, and place it in- 
verted for about four or five ſeconds of 
time, over the mouth of another large phial 
full of inflammable air; then flip it off, and 
cork it up as faſt as you can. By this means 

a certain quantity of inflammable air will 
be introduced, which, by mixing with the 
common air contained in the phial, will 
form a compound elaſtic fluid, which is ſo 
ready to take fire, that if the leaſt electric 
ſpark be paſſed from wire to wire: through 
the phial, the air will inſtantly explode, and 
the cork will be puſhed out of it with vio- 
lence. The long wire of communication is 
nn in the n. manner: 


A piece of annealed copper or braſs wire, 
of about a fiftieth or fortiethꝭ art of an 

inch in diameter, being ſtretchec᷑ from one 
ſide of a room to the other, heat it ſucceſ- 
ſively from one end to the other by means 
N of a candle, or of a red-hot 
1 ak $' © 2.5 - 
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candle, rub a lump of pitch over the heated 
part of the wire. When the wire has been 
thus covered with pitch, a flip of linen rag 
muſt be put round it, which can de eaſily 
made to adhere to the pitch, and over this 
rag another coat of pitch muſt be laid with 
a bruſb, the pitch being melted in a pipkin 
or other convenient veſſel. This, ſecond 
yer of pitch muſt be covered with a ſlip of 
- woollen cloth, which muſt be faſtened, by 
means of 2 needle and thread. Laſtly, the 
cloth muſt be covered with a thick coat of 
oil paint, and when the paint is dry, the 
covered wire may be uſed for the experi- 
ment. In this manner many pieces of wire, 
each of about twenty or thirty feet in length, 
may be prepared, which may afterwards be 
joined together, ſo as to form one continued 
metallic communication; but care muſt be 
taken to ſecure the places where the pieces 

are joined, which is moſt readily done by 
wrapping a piece of oil-filk over the painted 
cloth, round the two contiguous extremi- 
ties, and binding it with thread. When a 
long wire has been thus made out of the 
various me | al one end of i it, pur- 
N 
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poſely left. out beyond the above-mentioned 


envelopes; be formed into a ring, and to the 
other cee adapt a ſmall bra ball. 


15 order to perſorm Hs eue lay 
the wire upon the ground in any direction, 
faſten the hooked wire of the phial that 
contains the inflammable air to the ring at 
one end of it,'and puſh the extremity of the 
wire that comes out of the cork of the ſaid 
phial about an inch or two into the ground. 
Then, if you bring the knob of a charged 
Leyden phial.in contact with the ball at the 
other extremity of the long wire, the in- 
flammable air will explode immediately, and 
the cork will be puſhed out of the perks of 


the phial. 


For this purpoſe a Leyden obial, PE | 
contains about one ſquare foot of coated 
ſurface, will be found to be 8 ſufficient, 
when the diſtance between the operator 
and the ſpot in which the inflammation is to 
take place does not exceed 200 feet. For 
greater diſtances it will be neceſſary to uſe 
* * of e ** hze. 


v 3 | Thus | 
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Thus we have ſhewn how inflammable 
air may be fired; but in order to ſet fire to 
gun-powder, the only addition which needs 
be made, is to ſurround the cork and neck. 
of the phial with looſe cotton, that has been 
previouſly filled with pounded gun-powder, 
from which a quick match way be conti- 
nued, &c.; for when the cork is puſhed out 
of the neck of the phial by the exploſion of 
the inflammable air, a flame comes .out 
which has power ſufficient to ſet fire to the 
gun-powder in the cotton. I have ſome- 
times put a ſmall quantity of cotton rubbed 
in gun- powder into the phial of inflamma- 
ble air, beſides the cotton on the outſide; 
but it is by no means neceffary, = 


The only inconyenience which I have 
found to attend the above-deſcribed method 
is, that ſometimes the very nature of the in- 
flammable air in the phial ſuffers ſuch an 
alteration as to looſe its inflammability, in 
which caſe the experiment will not be at- 
| tended with the deſired effect. But this 
_ degeneration of the inflammable air does 
ſeldom, if ever, take place in leſs than two 
or three days, and ſometimes not even in a 
fortnight ; 
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fortnight; ſo that one may be ſure that the 
experiment will anſwer within 24 or 30 
hours. And it is probable that it will an- 
wer within two or three days. It is im- 
material whether the phial he left attached 
to the long wire on the ground all that time, 
or be faſtened to it the moment before the 
time of the inflammation. 


If this experiment be tried without any 
inflammable air in the phial, the only effect 
will be, that a ſpark: will be ſeen between 
the two wires in the Phial at the moment 
that the charged jar is applied to the 
knobbed end of the long wire. By ſending 
a number of ſparks at different intervals of 
time, according to a ſettled plan, any ſort of 
Intelligence might be conveyed inſtanta- 
_ neouſly from the place in which the operator 
ſtands to the other place in which the 
phial is ſituated. With reſpe& to the 
. greateſt . diſtance to which ſuch communi- 
cation might be extended, I can. only fay, 
that I never tried the experiment with a wire 
of communication longer than about 256 
cet; but from the reſults of thoſe experi- 
Z U4 ments, 


296 4 ComPLETE TREATIES 
ments, and from the analogy of other facts, 
J am led to believe that the abovementioned 
ſort of communication might be extended 
to two or three miles, and N to a 
much greater diſtance. 


N- IX. 
Preparation of the Electrical Amber V. arniſh, 


IT is well known that glaſs fre- 
- quently becomes a conductor of electricity, in 
conſequence of its being apt to attract moiſ- 
ture from the atmoſphere; to avoid this in- 
convenience, the makers of philoſophical in- 
ſtruments generally cover the glaſs legs and 
other parts of the electrical apparatus with 
a coat of ſome non; electric ſubſtance. Seal- 
ing- wax and amber varniſh have been prin- 
cipally uſed for this purpoſe. The ſealing- 
wax has been. laid on the glaſs two flifferent | 
ways, viz. either by making the glaſs ſuffi- 


Ciently hot, and then rubbing a piece af ſeal-· 


ing wax upon it, or by firſt diſſolving the 
9 in * of Res: and then laye 
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ing it upon the glaſs with a hair peneil a. 
The firſt of thoſe methods is in my opinion 
the beſt of any, but it is not practicable with 


large pieces of glaſs; for, beſides the danger 
of breaking the glaſs, when a large piece of 


that ſubſtance has acquired the degree of 
heat that is ſufficient for the purpoſe, it will 


retain that heat ſo long as to dry the ſeal- 
ing- wax too much. With reſpe& to the 
other method, when the ſealing- wax is diſ- 
ſolved in very highly rectiſied ſpirits of wine, 


and the glaſs is previouſly warmed, it will 


_ anſwer tolerably well, but i it is 9%. in- 
ferior to the. irſt mothad. : 


The clerical amber varniſh, 1 * 
perly prepared, and when carefully laid upon 
the glaſs, will preferve its inſulating pro- 
| petty full as well as the ſealing- wax, which 
is applied by means of heat; but the pre- 
paration of this varniſh requires a great deal 
of attention; for if it be not properly made, 
the glaſs will not be in n | 


4 333 have Kr nn 


mixed with a little vermillion ; but this ſort of covering 
ſerves more for ornament than for uſe, the 2 
little if at all improved by tr. x 


* * 
— 1 0 g to = 
3 | 1 
” , 1 « 
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by it; I ſhall therefore be as particular as 
IT can in deſcribing the proceſs, and in 
pointing out the cauſes which are moſt 
likely to prevent its ſucceſs, 


: Preparation of the Amber. 


Reduce ſome pieces of amber (the yellow 
amber is the beſt) into tolerably fine pow- 
der, and then melt it in an unglazed earthen 
veſſel over a charcoal fire; & when melted, 

pour it whilſt fluid upon an iron plate, and 
as ſpon as it is become cold, it muſt be 
| pounded and fifted through a very fine ſievo. 


Proceſs for making the 2 ih. 


_ Half a pint of linſeed ail, one qunce of 
| faccarum ſaturni (ſagar of lead) and one 
ounce and a half of litharge, muſt be ſet 
to boil in an iron pot over a charcoal fire. 
As ſoon as the oil has diſſolved the two 
2 muſt not be expected chat the amber will melt 
into as fluid a ſtate as water or oil; for it will hardly 


acquire the fluidity of cold honey, and therefore it muſt 


not be kept upon the fire longer than may be neceſſary 
to produce that effect, otherwiſe it will be burned too 


other 


- 
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other ingredients, one ounce and a half of 


the prepared amber muſt be added, and 
then the whole muſt be left to boil to a | 


proper degree of confiſtence. Laſtly, it 
muſt be mixed with ſuch 'a quantity of 
ſpirit of turpentine as will bring it to the 
cConſiſtence of olive oil.—I ſhall now ſub- 
join the neceſſary precautions. 


The capacity of the boiler ſhould be at 
leaſt four or five times greater than the bulk 


of materials, in order to allow for the ſwelling . 


of the compoſition, which is very conſider- 
able towards the latter end. For the fame 
reaſon the boiler muſt be conſtantly watched, 


and muſt be removed from the fire when- _ 


ever the liquor comes near the top ; for if 
any of it happen to run over, it will take 


fire immediately. T he mixture ſhould be 


ſtirred every two or three minutes, but to- 
wards the latter end, viz. after it has boiled 
for about two hours, it ſhould be ſtirred 
aftener. An jron ladle is ou fit for this 


335 purpoſe; 


The oats of the 1 ewe 
whe it has boiled ſufficiently ; for if at 


that 


Fg 
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that time a drop of it be rubbed between 
two knife-blades, and the blades are after- 


| wards ſeparated, the varniſh will ſtretch 
itſelf like a continued thread from. one 
blade to the other. When this effect takes 
place, the pot may be removed from the 
fire, and left to cool, but before it becomes 
quite cold, the ſpirit of turpentine muſt be 
mixed with it. The beſt way of forming 
this mixture is to put the fpirit of tur- 
pentine into a baſon or pipkin, then to add 
one ladle full of the varniſh at a time, 
and to ftir it until it is quite diflolved in the 
. The varniſh may then be pot in 


I the 8 has dag boiled too 
much, the colour of the varniſh, when mixed 
with the ſpirit of turpentine, inſtead of a 
brownith yellow, will be dark brown; and if 
it has not been boiled ſufficiently, the varniſh, 


Wen laid upon the glaſs, will always retain 


2 degree of clammineſs. This clammineſs 
is likewiſe produced when the litharge and 
the ſaccarum ſaturni are not very dry; it will 


6h "6 be FORE to dry thoſe articles 
* 
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thoroughly N to their n — 
with the oliliIl. 


- 


This nn is laid upon the dale by 
means of a hair pencil, and one coat af it is 
quite ſufficient to preſerve the inſulating 
property of glaſs; but care ſhould be had 
to render the glaſs perfectly clean and dry, 
and to warm it previouſly to the application 
of the varniſh. 


If the varniſh has been rightly prepared 
it will dry very ſpeedily ; but for greater ſe- 
curity it will be adviſcable to leave the 
varniſhed. glaſs in a dry place for a day or 
two in the ſummer ſeaſon, anda lite my | 
in-the winter dv; i ered a 


As ts" ingenious a may be in 
Want of the beſt inſulating ſubſtances. for 
nice electrical experiments, I think it not 
uſeleſs to mention, that raw filk poſſeſſes 
that property in a very eminent degree, 
even in damp and rainy weather. This 
ſubſtance, therefore, ſhould be preferred to 
all d when ſtrep Eh and \pliableneſs 
* 


3 
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is required; otherwiſe ſealing - wax and 
amber anſwer equally well. | 


Silks that have undergone the proceſs of 
dying, or even of bleaching, though they 
inſulate ſufficiently well for common ex- 
periments, are, however, inferior to raw 
filk. 


| Quickfilver excites glaſs negatively. 


N X. 
Addition to Page 35 of this Volume. 


« I find that Mr. Fox r ANA ob- 
ſerved the action of the metallic application 
upon the heart a conſiderable time before 
Dr. FowLER. In a letter to Mr. MAR- 
s1011, dated in November, 1792, which 
was printed at Pavia in a periodical publi- 
cation, Mr. FONTANA, expreſſes himſelf 
thus, Relativement au mouvement du 
« cceur, je puis aſſurer, qu'il eſt facile d ac- 
<« celerer ſes battemens sil eſt en mouve- 

'* ment, & de le remettre en mouvement 
, « gil eſt en repos. Il ſuffit de le placer | 


« entre deux mẽtaux, par example, le zinc 
3 | ; TS Tan- 


* 


ce 
«c 
cc 
cc 
Mm 


cc 
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& Lantimoine, de maniere a ce qu'une 
partie de ce muſcle touche à l'un des 


metaux, & l'autre partie a Tautre metal. 
En faiſſant alors communiquer les deux 


metaux au moyen d'un conducteur, on 


verra s effecteur les phẽnomènes que je 
viens dindiquer, meme lorſque le cœur 


eſt ſepare du corps & coupe par mor- 


ceaux. ſe puis encore aſſurer que je fais 
contracter à volonte les vers de terre, 


Jes inſectes, & les animaux prives de cer- 


ce 


466 


veau & de nerfs. Sous peu de tems je : 
publierai un ouvrage ſur le nouveau 


principe du mouvement muſculaire, de- 


* 
+ 
cc 


cc 


. CC 


ce 


cc 


66 
cc 


ccc 


ouvert à Bologne par le ſavant profeſſeur 


GALVANI, & j'eſpere demontrer d'une 


maniere rigoureuſe, que ce principe na 
rien de commun avec Velecricite, & que 
quel qu'il ſoit, i] n'opere jamais la con- 
traction, ni ne reproduit jamais les mouve- 


mens muſculaires ordinaires aux animaux. 
« Ainſi ce principe obſcur eſt reduit 2 un 


phEnomene tres-beau, mais dont la na- 
ture & les uſages reſtent encore A de- 
terminer 5 


es the I Phyſqie for March 1793. 


: | N. XI. 8 
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Ne XI. 
Addition to Page 61 of this Volume. 


The experiments of animal electri- 
city are ſaid to ſucceed alſo in the vacuum 
made by an air pump, viz. when the pre- 
pared animal and conducting rod are placed 

i under the exhauſted receiver, &c. — See 
the Journal de Phyfique for the year 1793 3» 
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or THE 


WHOLE WORK, 


BE; | 

Avsenss2s cledtified, II. 153 | 

Asgues electrified, II. 155. 

Ai ir, generally electrified, 723 is Aries a 8 by 
a ſhock, 274; to charge a plate of, 285; when het 
whether a conductor, 324. III. 258; how el | 
326; effects produced by ſparks in it, II. 281. 

Air pump uſed for electrical experiments, 237, 238, 241. 

Alkaline air, effects produced by the electric ſparks in it, 

| II. 281. > . | 


* Amalgam for the excitation of glaſs, 1423 of zinc, precau- > 2 


tions neceſſary for making and preſerving it, III. 267. 
Animal electricity, diſcovered, III. 1; appropriation of the 
name, III. 3, 6, 15; not tranſmitted though the ſmalleſt 
Interruption of conducting cireuit, III. 23 ; exhauſted 
© ſooner or later, III. 38; obſtructed by a ligature on the 5 
nerve, III. 39; weakened more eaſily by obſtructing . 
the circulation of the blood, than the nervous commu- 
- nication, III. 41; not interrupted by ſurrounding the 
nerve with wax, III. 42 ; its effects are to be * 
Vor, II. "= 


t 


NN 
| In n _— III. bo, 61 3 its effects take place 


the animals i in . a water, or in ice, III. 61; whether 
differing from common Electricity, III. 65, 66; does 
not ſhew any attraction or repulſion, nor any light, III. 
65, 66, 67 queries concerning it, III. 71; whether 
its effects are to be attributed to the Electricity, which 

is ſpontaneouſly produced by metallic — II. 
28, 134. 

Animals, electrified, 43, 44, 473 ſuſceptible of the * 
cation of metals, III. 48, 65, 70; their power of coun- 
teracting tne action of metals, III. 51; differently af- 
fected, III. 55; killed different ways, and then ſub- 
jected to the action of metals, III. 61 to 64; their ſuſ- 

. pected ſpontaneous Electricity, III. 268. 

Apparatus, electrical, in general, 134. 

Armour or coating, in Animal Electricity, III. 24; it uſe, 
III. 25, 34; effects produced by it when removed from 
one part to another, III. 39. 

Atmoſphere, electrical, 209, 212, 21 5, 217; rendered 
viſible, 24.1 ; ſtate of, influences the ſpontaneous Elec- 
trictity of metals, III. 113, 131; electrical, decreaſes 

zs the ſquare of the diſtance, III. 282. | 

 Atmeſpberical Electricity, 71. II. 37; electrometer, U. | 

40, 42, 269; Klectricity, a new way of examining it, 

III. 110; Electricity, its extenſive action, III. 237. 

Attraction, electrical, 2, 16; between bodies poſſeſſed of 
different Electricities, 43, 195, 199, explained, 109; 
III. 192; ſhewn by experiments, 190, 333; in vacuo, 
196. II. 92, 95; exerted to a great diſtance, II. 275; 
not obſervable with the electrical fiſhes, II. 298; not 
obſervable in Animal Electricity, III. 65, 66. 

Aurora borealis, ſuppoſed to be an electrical phenomenon, 


55 * it has been obſerved to have diſturb- 
ed 


1 N D E x. 


ce dd the magnetic needle, 753 imitated, 238; it does 
not ſeem to influence nnn. deftrical 
| bite; IE. 38; - , : 
a B. 
Baked wood, in what manner it muſt be prepared for the 
conſtruction of inſulating ſtands, 179. 
Ball of fire obſerved once in a charged jar, II. 225. 
Balli, dancing, 346; of glaſs, charged and ſealed, 357. 
Salſam, the plant ſo called; is eaſily killed by means of 
Electricity, III. 248. 
Battery, electrical, 60; what ſort of glaſs is beſt for it, 
147; deſcribed; 175; ſeveral ſmall ones preferable to a 
large one, 178; experiments with it, 308. II. 2823 
precautions. in the management of i it, 308. | 
Belli, electriſied, 338. | 
Biſmuth, its ſporitaneous Electricity, III. 124, 127. 
Bladder, eleQrified, experiment with it, 299. 
_ Black ſpecks, contracted by the WN elec- 
trical machine, 185. | 
- Bolonian ſtone, artificial, how made, 231. 
Buildings, conductors to defend them from lightning, 373 
ſome ſtruck by the lightning, though furaiſhed with 
ſharp terminated conductors, 87. | | 


C. 


Calees, 1 revivifled **. means of EleQricity, bg. 
'- IL 28% 
Calcination of metals effeQted by EleAticity, IL 28 5. 


Cancers electriſiod, II. 152. 
| n lighted by means of an electric ſhock, 278. 


- © Sa Capacity - 


{ * 


1 


Capacity of conductors, II. 2443 of the Leyden phial, II. 
2573 of bodies, for holding the electric fluid, ſuf- 


pected to be different, III. 139. 
Cards pierced by a ſhock, 263 ; effect of the fhock ſent 
over them, 265; illuminated by a ſhock, 266. 
Cat, its Electricity, II. 66. 
Cement for electrical purpoſes, deſcribed, I 37. 
Chair, inſulated, II. 137. 
Charcoal, its properties reſpecting EleQricity, 13. 
Charge of an electic jar does not reſide in the coating, 
2523 does not expel any of the air contained in the j Jars 
OR bn OT 
Charged eleQrics, when very thin, are pa broken by 
. ſpontaneous diſcharges, 56; are not required to be 
of any particular ſhape, 563 their charge filently 
diflipated, 58, 59 ; in what part the charge reſides, 
356; Mr. Canton's, 357 ; one of their ſides may 
contain a little more Electricity than the other, 358. 
- Charging of electrics, what, 52, 55 ; firſt obſerved, 56. 
| Chocolate, excited by cooling after having been | melted, 
26. | 
Circuit between the Glen of prog jar, or coated 
electric, 61; its length weakens the power of the 
mock; 197.  -. $ 
Clay ſwelled by a ſhock, 269. 
Clouds generally electrified, 72, 74 ; often influence the 
Electricity of an electrical kite, II 37. | 
Coated electrics, 53, 147, 1 50 3 how conted, 148, 291. + 
_ Coating. See Armour. 
Colours, priſmatic, marked by means of lane 312, 
317; experiments on them, Il. 5 9. 
Combuſtion of coals produces Electricity, II. 268. en 
Communication with the earth, neceſſary for the rubber, 34; 
* parts of an azual for the phenomena of 
Animal 
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Animal EleQricity, III. _ 30, 43; in Animal Electrĩi- 


city, may conſiſt of ſeveral bodies, III. 193 interrup- 

tion of in Animal Electricity, III. 23 not abſolutely 

neceſſary between the nerve and the muſcle, III. 43. 
Condenſer of Electricity, what, II. 2 59s .. 
Condufor, prime, deſcribed, &c. 144. | 
Condutors, what, 3, 5, 98, 1233 lift of, 10; for the 


lightning, 78, 79; of what form are reckoned the beſt | 
for the lightning, 8 1. II. 207, 223; in what manner 


their power may be aſcertained, 192, 311; their capa- 
city, II. 2443 conjugate, what, II. 245; and non» 
conductors never perfect, III. 17; of Animal Elec- 


A ricity, III. 20, 24; their contact muſt be Nerd for 


the phenomena of Animal Electricity, HE 23. 
Configurations produced by means of Electrieity, III. 1005 


142, 154, 156; method of fixing them, III. 146; 


precautions neceſſary in making . III. 147. 
Conjugate conduQtors, what, IT. 245. Ny 
(untractions, ms © cured by m means of ere h 
171. 

gente, of animal parts excited | by means of Elec. 
tricity, III. 48; excited by the application of metallic 
and other bodies, III. 47, 48, 49; excited different 
1 ways, III. 43, 44, 45, 475 513 ; apo ee oy ac- 
- ual contact, III. 46. | . 
Cooling electrifies certain ſubſtances, 24. 
Copper, its ſpontancous Electricity, III. x18; fuſed he 
means of Electricity, HE wes? IIA, 
Corks for electric jars ſhould be varniſhed, 17 5. 
Cork-ball electrometer deſcribed, 169. 
Cotton electrified, experiment with it, 297. 


'Courſe of the electric fluid, 257, 3323 ; ſhewn by means wa | 


the flame of a wax taper, 257; ſhewn'by means of a 


pith-ball, 259; ſhewn by means of the Leyden” Va- 
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cuum, 261; ſhewn by means of a card, 268; ſhewn 
by means of the ſpontaneous diſcharge, 270. 

Cryſtallization of oil of tartar effected by means of Electri- 
City, 354. | 

Cup and chain, experiment of, 331. 

Cylinder, a very good frm fr Ps of © 
1375 medicated, II. 105. 


* 
— 5 D. 


Dance, St. Vitus's, cured by means of * II. 157, 
177, 182. 
Deafneſs electrified, Il. 146. 
Depbligiſticated air, effects of the clefric ſparks on it, IT, 
279- | 
Direction of the paſſage of the electric Auid, 18; ſhewn 
by the diſcharge of a jar, 256. 
Directors, what, II. 122, 125, 131. 
Diſcbarger, univerſal, deſcribed, 154. 
Diſcharging of charged electrics, 88; their park i is ſhort 
in proportion to that of an electrified conductor, 59; 
is performed inſtantaneouſly, 60; not affected by the 
inflexions in the circuit, 61; weakened by the length 
of the circuit, 61; in water, 62 through ſeveral 
Circuits at the ſame time, 247+ | 
Diſcharging elearometer, 171. 
Diſcharging rod, what, 151; deleribed, 175. 
Doubler of Electricity, hiſtory of, III. 76; manner of 
uſing it, III. 77; its defects, III. 79, 83; improved, 
III. 80, 83; method of depriving it of Electricity, III. 
85 experiments made with it, III. 86. 


E. Earthquake, 


L. NA Ddr 


E. 


Zartbguale, attributed to EleQricity, 7 7 53 repreſentation | 
of, 267, 318. | R 

Efferveſcences generate Electricity, II. 268. 

Effluvia of burning bodies, an inſtrument to try their 
conducting power, II. 88. 

Elaftic fluids, effects of the ſparks taken in hem, 278. 

Electric appearances, what, 2. 

Electric fluid. See Fluid. 

Electric, for a machine, was formerly uſed of different 
ſubſtances and forms, 136; which is beſt, 137; it 
„eee ſix times in a ſecond, or W 

„ 

Electric ſhock, KI 53. 

Electrical machine, fee Machine; air + thermometer, 
ſee Thermometer; eel, ſee Gymnotus; returning 
ane what, II. 124 amber varniſh, how made, III. 

296. 

Elricity, what, 25 123; ; of two ſorts, 18, 19, 8 vi- 

: treous, what, 19 ; reſinous, what, 20 ; produced by dif- 
ferent methods, 24 ; excited by friction, 2, 243 ex- 

cited by melting, &c. 24, 25, &c.; excited by heating and 

cC.—äcoling, 28; acquired by a conductor, when preſented 
do an electrified body, 37 ; how divided amongſt con- 
ductors, 43, 83, 280, 313; effects produced by being 

- communicated to animals and other organized bodies, 

44. II. 191; not affected by ignition, 473 in what 

manner is affected by, or affects magnetiſm, 47, 60, ; 
IT. 283; the ſenſation it occaſions in the face, &c. 47 
is conducted over the ſurfaces of certain bodies, 54, 
| 3195 it meets with ſome obſtruction in paſſing through | 

| X . conductors, 


LYN i3DGEVUK: 
conductors, 61 ; not obſervable within a narrow ca- 
vity, 131; its quality, how aſcertained, 206, 222 ; 
vindicating, what, 360; when very weak, how diſco- 
vered, II. 65, 259, 263, 264. III. 91, 93; its action 
on organized animal matter, III. 5, 8; animal; ſee 
Animal; the exiſtence of it amongſt conductors, III. 
17, 18, 19; its origin, III. 73 ſmall quantities of 
it not eaſily deſtroyed, III. 73, 74; of the atmoſphere, 
examined in a new way, III, 110 ; inveſtigation of the 
quantity which is neceſſary to affect a prepared animal 
limb, III. 1, 136; its effects on permanently elaſtic 
| Auids, III. 158; its effects on water, III. 168; its 
effects on vegetables, III. 240, 246, 248; its . 
on metallic ſubſtances, III. 250. | 
Elettrics, what, 2, 5, 98; per ſe, what, 5; kt oh, 7; 
how affected when preſented to an electrified body, 48, 
50; charged, 52. III. 261; augmenting their capacity. 
of holding the electric fluid, 108; reſinous, how coat - 
ed, 291; fluid, how coated, 291; become conductors 
- when heated to a certaindegree, 322, 324,325: III. 258. 
Electrometer, what, 1 52; divers, en a proper ſtand, de- 
ſcribed, 168; of cork-balls, how made, 169; quadrant 
one, 171; of cork-balls electrified, 190 on the prime 
conductor, when diverging moſt, 327; ſtandard of the 
quadrant electrometer uſed with the electrical kite, 
II. 133 for the atmoſphere, II. 40; for the rain, II. 45; 
for the pocket, II. 47 ; improved atmoſpherical, II. 793 
"of gold-leaf, deſcribed, III. 943 of gold- leaf, . 
vantages and defect, III. 999. 
| El:rophorus, experiments with it, II. 49. 
Emerald, its electric properties, 32. 5 
Engine, to move the electric n cldrica machine 
140. f 
= | Boaperatin 


Evaporation produces Electricity, 24, 33. II. 263, 268; 
promoted by electrizatien, 347 ; ſome curious particu- 
lars concerning the Electricity, which is produced by 
it, III. 270, 271, 27% 277. 

Etber, what, 117 

Excitation, 2, 9; different methods of, 24. 

Explyſion, lateral, 281; of a wur louder i in certain, 
creepers, * + 


1 
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Fairy circles, 315, 9s | 
Fire, what, 115; aka by Eleckrielty * palkgg | 
through bodies that obſtruct its free pallage, 1193 St. 

' Anthony's, cured by Rleckicitya, II. 1656. ot 
Fiſhes, electrical, 287.. III. 4. 
Fiſtula , cured by Elec, i. 149, 101 © 

186. 157 | 
Facus of a 5 mier or lens, not « conduftor of 

Electricity, III. 260. 

Flannel, i its electric power, th 66; 3 foarks drawn through 

tt 1.3 
Fluid, electric, 106; its JA. al, 112 ; is a Auid ſui ge- 

neris 114.3 whether it reſembles fire, 116; ſuppoſed to 

be a modification of the element of fire, 119; yielded 
by bodies abounding with phlogiſton, 120; whether 
it bears any ſimilarity to ether, 121; where reſiding, 

126, 130, 132; its chemical action, IT. 11x 3 its quan- | 
| tity in bodies conſidered, III. 233, 234. . 
Fluids, electrified, 45; permanently elaſtic are conduc- 

tors, 70; permanently elaſtic, how affected by electric 

ſparks, II. 278. III. 158; of the human 8 are 
better conductors than others, 349. | 
Fluxes electrified, II. 158. a 
X Ex. Ed 


1+N FE . 
Fh, electrical, deſcribed, 179; experiments with it, 


296. 
_ Flying feather, 196. 


G. 


Glaſs, its properties reſpecting Electricity, 8, 9, 324- 
II. 52; in what manner it may be made rough, 21; it 
remains long electrified, 36; tube of, acquires ſucceſ- 

five zones of politive and negative Electricity, 51; 
marked with priſmatic colours by the electric ſhock, 
63, 267 when thin is apt to be broken by a diſcharge, 
147; à fort of which will not hold a charge, 149; 
globes and cylinders have ſometimes burſt in whirling, 
139; pillars ought to be varniſhed, 180; metals ſtruck 
into it by means of a ſhock, 279; ſtained by the ſhock, 
abo; produces poſitive Electricity by the evaporation 
of water thrown upon it when red-hot, IIL 274. 
Gold, leaf, melted by a ſpark from a prime conductor, 
II. 277; its ſpontaneous Electricity, III. 117; fuſed, 
III. 255; ftruck into the pores of filk by means of 
an electric ſhock, III. 155. 
Gout electrified, II. 155. / 
Gun-powder, fired by means of Electricity, 277. II. 241, 
242, 276. III. 286, 290. 
Gutta ſerena electriſied, II. 148. 
Gymnotus electricus, its properties, II. 287 ; deſcribed, 
II. 299, 301, 


H. 
Hair, its Electricity, II. 6 5. 
Head - acbes electriſied, II. 154. . 

n Arat 


IN 5 | 
Heat pervades ſome bodies eaſier than others, 117. 
Heating of certain ſubſtances PIN bree e 


29, 32 
* of EleAticity, 1 108 


J. 


Far, electric, Shak 56; it holds a greater charge in con- 
denſed air, 57; a large one is better than many ſmall 
ones, 148; one particularly deſcribed, 175; when hot 
it holds a better charge, 186; caution in'diſcharging 
them, 186, 188; often broken by the diſcharge, 186; 
remedy to prevent their breaking, 186; method of re- 

| pairing them when cracked, 187; are more calily 
broken when any cement is upon them, 188; when 
inſulated cannot be charged, 248; charged with its 
own electric fluid, 250; in what manner ſeveral may 
be charged almoſt as eaſily as a ſingle one, 252; the 
air contained in it is not expelled by the charge, 254; 

ity compared to conductors ſimply electrified, 
l. 257 diſcharged ſilently, 2943 for the pocket, 
how conſtructed, II. 12; the . one de- 
ſcribed, III. 279. 

Ice, its conducting and non- conducting powers, 10, 11. 

Inflammable air, effects produced by the electric ſparks in 
it, II. 279. 4 

Inflammation of combuſtible fublaices* by means of 
Electricity, 228, 230, II, 276. III. . 290. 

 Inflammations electrified, II. 147, 162; Py 
electrified, II. 153. 


 Inflruments, electrical, for the production of EleAtricity, | 
1353 to be uſed with an electrical kite, IL 11; uſeful 
for manifeſting ſmall quantities of * 


93 96. 


Infalain | 


ND 


Inſulating ſtands, how conſtructed, 1 795 3 ſubſtances, the 
beſt, III. 301. 

Inſulation, what, 4. - 

Fournal of experiments 8 with the electrical 
kite, II. 15 performed with the atmoſpherical clec- 
trometer, II. 44. 

Iron, its ſpontaneous Electricity, III. 121 ; eaſily fuſed by 
means of Electricity, III. 255; peculiarly uſeful in 
certain experiments, III. 257 ; poſitive Electricity is 
produced by the evaporation of water thrown upon it 
when ruſty and red-hot, III. 271, 273. 


K. 


Kite, electrical, firſt raiſed by the Dy 2, II. 2; . 
tion of, II. 43 precaution in raiſing it, II. , 13; ex- 
periments performed with it, II. 15; contributes little 
or nothing towards collecting the Electricity from the 
atmoſphere, II. 27; general laws deduced from the 


experiments made with it, II. 77. ha 
I. 


Lateral exploſion, 282. | 
s of Electricity, deduced from the experiments made 
with the electrical kite, II. 373 deduced from the ex- 
periments made with the atmoſpherical elefrometer, 
IL 42. 
Lead, its ſpontaneous Electricity, m. 1203 fuſed * 
means of Electricity, III. 255. | 
| Leyden phial, and Leyden experiment, what, 56 ; 
ments made with it, 245, ſee Far; its reſiduum 00 
_ Eleeicity increaſed by heat, III. 26 55 the felf-charg- | 
ng one deſcribed, III. 279. 


7 


Leyden 


t N 5 5 K 


"Leyden v vacuum, "7 18 
Life, animal and vegeable, how age by Eleciciy 
„ 

_ Light, electric, appears of different ſhapes, according to 
the quality of the Electricity, 173 z experiments upon 
it, 219; has the priſmatic colours, 244 its pene- 

| trability ſhewn, 335, 336. 

Ligbining i is an electric phenomenon, 72; " imitated, 73» 

2903 brought down, 73; how it happens, 74; its 
- peculiar effect on painted maſts, II. 61; conductors to 
defend buildings from it, ſee Conduttors ; a peculiar 
ſort of, III. 238. 

Lining of glaſs globes, &c. for an eleftrical machine, 
138 compoſition for it deſcribed, 139. 

5 Lumbar abſceſs electrified, II. 153. 

Luminous conductor, 234. 

Tungs, diſeaſes of eleQrified, "TL of 33. 


M. 


Machine, electrical, what, 3; general bonſtruction of, 
135; Dr. Prieſtley's, 154; plate one, 158. II. 273 
moſt uſeful one, 160; Mr. Nairne's, 165; how pre- 
| pared for experiments, .182 ; acts well in froſty wea- 
ther, 182 ; does not act well in damp or hot weather, 
182, 184, 185; a very powerful one for the — 
of Teyler at Harlem, deſcribed, II. 273. | 
Magneti zm, whether interfering with Electricity, 47> 66; ; 
given by Electricity, 66. II. 283. 
| 1 acid air, effects n by the eledrie ut 
in it, II. 280. | 
Medical Electricity, 86; pradtice of, U. 10 5 7 2232 
for the adminiſtration of, II. 115, 189. | 
Aue of certain ſubſtances generates Electricity, 245 2 "Ih 


Menſes, 


CAD I 


Menſes, ſuppreſſion of relieved by electrization, II. 156, 
169, 170. 

"Metals melted by Electricity, 310. II. 277 ; their con- 
ducting power aſcertained, 311, 314; globules of, 
how made, 314 ; colours marked on them, 317 ; cal- 
cined by Electricity, II. 285; their uſe in Animal Elec- 
tricity, III. 14, 26, 27, &c. ; two of them are neceſſary 
for the experiments in Animal Electricity, III. 253 
their application affects the ſenſes of taſte and fight, 
III. 52; their ſpontaneous Electricity, III. 28, 89, 

111, 112, 138; fuſed by different degrees of _ 
tric power, III. 253, 255. | 

Minus Electricity, what, 20, 107. 

Mortar, electric, deſcribed, 273. 

Mone, a curious phenomenon obſerved with one, III. 6. 

Multiplier of Electricity, what, III. 98 ; deſcribed, III. 
99; manner of uſing it, III. 101; cauſe of the cer- 
nm 105 experiments made with 
it, 107, &c. 

| Muſcles, which of them ſhew the phenomena of Animal 

Electricity, III. 35, 302. 


N. 


' Needles, rendered magnetic by means of Electricity, 66; 
rendered magnetic by the . 665 
- often found to be magnetic, 66 
Negative * what, 20, 107% when produced, 
20 to 23. 
Merve, ligature of, its effects, III. 39. 
Nervous head-aches cleQrified, II. 1 3 
Nitrous air, effect produced by the electric e in it, 
L270. 
Mon- conductors, what, 4 5+ 
Nan-eleftrics, what, 5. 
25 O. Opacity 


EN 
©. 
Opacity of PE vitreous humour of the es. cured by 
means of Electricity, II. 148. | 
Opium, its effects on animals, III. 63. 
Organs, eleQtric, of the torpedo, deſcribed, II. _ ; of 


the gymnotus electricus, deſcribed, II. 3⁰³ů of the 
ſilurus electricus, II. 312. | 


K. 


Pul alk cleftified, I. 149. | 

Paper torn by a ſhock, 266 ; ſtained wa a Hock, 280. 

Parallel plates deſcribed, 178; experiment with, 193. 

Paralyſis eleArified, II. 183, 295 | 

Pencil of electric light, 18, 219. 

Perſpiration promoted by Electricity, 44- 

Pblagiſton, what, 116; is probably the ſubſtance which | 
renders bodies conductors of Electricity, 125. 

Phoſphoric property of various ſubſtances, 231, 234. 

Plate glaſs machine, 158, II. 273. 

Plates of glaſs, coated and charged, 359. | 

Platina, its ſpontaneous 5 II. 118; fuſed, 
&c. III. 250. | Y 

Plus Electricity, 20, 107. 

Pointed body, its properties reſpecting EleArieiey, 42, 
220, 221, 222, 293. II. 222, 294; its property ex- 
plained, 300. II. 253; its property exemplified, 306 ; 
great diſtance from which it imbibes the ee 

And appears luminous, II. 275. 

Poſitive Electricity, 20, 107; when produced, 20 to 23. 

Powder, gun, fired by means of Es 277. IL 


241, 242, * III. 286, 290. 


IND E X. 


Potuders, how excited, II. 75, 76; uſeful for forming 
configurations by means of Electricity, III. 142, 148. 

Precious ſtones, their electrical properties, 32. 

Pregnant women, caution in electrifying them, II. 1 57. 

Preparation, the uſual or beſt for the 9 of 
Animal Electricity, III. 31. 

Pulmonary inflammations electrified, II. 153. 

Pulſation, whether quickened by. PENG. 87. II. 


277. 


Q. 


Quadrant electrometer, deſcribed, 170; ftandard of that 
uſed with the electrical kite, II. 13. | | 


R. | 


Rain, centrally electrified, 72, 74. II. 38, 46. b 
[Repulſion, electrical, 2, 16; between bodies poſſeſſed of 


the ſame ſort of electricity, 43, 100. III. 192; ſhewn 
. experimentally, 190. kN 
Refiduum of a charge, its Mts 188; increaſed by heat, 
III. 265. 
Neſinous Electricity, what, 20. 
Returning ſtroke, what, II. 221, III. 124. 
Rheumatiſm electrified, II. 145. 
_ inſulated metallic, experiments n it, 2123 expe- 
riments with two, 217. | 
"Rubber, what, 3; how made, 142; the beſt for a tube, 
146; how prepared for action, 183. 
Rules, practical, 181; ; uſeful. in Medical Eledtricity 
II. 139. 


S. Safetie 


INDE X. 
8. 


Sofeties againſt the lightning, 78, 80, 83, By, 
Sciatica eletrifigd, II. 153. | 
Scrophulous tumors eleQrified, II. 151. 
Sealing-wax ſpun into fine threads by means of Ele- 
city, 345. III. 156; when once excited, it is not ga- 
ſily deprived of its Electricity, even by water, II 87. 
Secretions promoted by electrization, 8 7. 
Security, for buildings againſt the lightning, 80; for a 
veſſel, 83; perſonal, 84. 
Senſations occaſioned by Electricity, 130. II. 275. 
$en/ibility of animal matter, greateſt at firſt, III. 13; du- 
ration of, III. 13, 14; excited by metallic applica- 
tions, III. 14. 
Boyce plane, ee ie not cee in its move- 
ments, III. 246. 
| Shock, what, 53, 50, 246; [ting differently affected 
by it, 593 how increaſed, 60; effects produced by it 
in water, 62, 272, 273, 288 ; its effects on animals 
| and vegetables, 62, 353 ; its effects on clerics, 62, 
633 its direction, 62 ; it fuſes metals, 63, 64. IL 277, 
282; it marks glaſs with the priſmatic colours, 63 ; 
detaches a duſt from imperfect metals, 64; revivi- 
fies metallic caloes, 65; ſpots marked by it on me- 
tals, 67, 68; it paſſes over the ſurface of certain 
ſubſtances, 683 its action and colour, when tzken in 
different forts of elaſtic fluids, 69, 70. II. 2783 
ſtrong ones are not beneficial in Medical Electricity, 
89, 94; to be felt by many perſons at the ſame inſtant 
neee, PETE. 
Vol. HI. | * ©», Bight 
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Sight, ſenſation of excited by the — of metals, 
III. 52, 56, 57. 

Silks of diffœrent colours acquire different Electricities, 

9 326; ſtained by means of Electricity, III. 155. 

Silver, its ſpontaneous Eledricity, III. 116; fuſed, &c. 
III. 255. 

Silurus electricus, its properties, II. 287, 311. 

Skin, a rabbit's, its Electricity, II. 66. 

Smell produced by a ſhock, 263. 

| Smoke is a conductor, 321; atmoſphere of, 328. 

Sore throat cured by electrization, II. 168. 


Spark, 2, 17, 41; taken upon an animal body, 43} 


fires inflammable ſubſtances, 67. II. 276; the longeſt, 


from whence may be taken, 145, 224, 226; experi- 
ment of drawing it, 223; its appearance, 224 ; its 
direction is deceitful, 225; its appearance in Mr. 
Nairne's machine, 225; may be rendered viſible in 
water, 272; is ſhort and pungent from the ſtring of 


an electrical kite, II. 38; ws 6 ol in the machine of 


Harlem, II. 276. 
8 n air, effects produced by tha cleatri oaks on 155 
II. 281. 


| Specks, black, contracted by the egtinder of an electri- 


cal machine, 1855 obſerved on the electric fiſhes, II. 

289. | 

Spider, electrical, an experiment ſo called, 340. 

Spider's web, ſenſation ſo called, 47. H. 275. 

Spiral tube deſcribed, 341. 

Spirits inflamed by means of Electricity, 228. 

Spout, water, ſuppoſed to be an electrical phenomenon, 
75; imitated by means of Electricity, 288. 

Star of electric light, 17, 99, 219. 

Stream from a wooden point, is uſefully employed in Me- 


dical Electricity, Il. * | 
Ps: £ 3 4 ; String, 


, 


_ --M the Both 
String proper for an electrical kite, II. 6. 
Sugar, illuminated by a ſhock, 265, 
Sulphur excited by melting, &c. 25. | 
Swellings electrified, II. 146; 3 white, cured by means of 
Electricity, II. 147. | 
Syphan electriſied, 337. 


. 


Taſte, ſenſe of excited by the application of metals, III. 

82. 

Tale, a perfect 8 III. 2643 is ſuſceptible 
of a high charge, III. 264. 

8 electrical air, 2745 ; raiſed by a means of Hec- 
city, 344. | 

Thunder, an electrical phenomenon, 72; imitated, 73 
290 in what manner it happens, 74. 1 

' Thunder-houſe deſcribed, 302. 37 

Thunder · ſtorms, a remarkable ane, III. 207 ; its remark- 
able effects, III. 219; conjectures reſpecting them, 
III. 221; remarks on them, III. 223, 227. | 

Tin, its ſpantaneous TR 1 rr 123 126; 
fuſed, &c. III. 255. | 

| Toth-ache electriſied, II. 146. 

Torpedo, its properties, II. 287, 294 ; deſcribed, II. 2b. 
its property imitated, II. 298. : 

Taurmalin, what, 28 ; its properties, 29. 

Track marked upon glaſs, and other amen DE 
ploſi on of a jar, 65. 1 | 3 

Tubes of glaſs uſeſul to an 3 1000 ſmall ones 
broken by a ſhock, 270, 3513 perforated by ſparks, _ 
34 ; incloſing alen 50 nn II. N 


„„ V. == 


FEE 
V. 


Pacuum, its properties reſpecting EleQrigity, 11, 123 
Leyden, 261 ; experiments in it, II. go. | 

Fapour of hot water, a conductor, 321. 

Varniſb, is not proper for coating the inſide of electrie 
jars, II. 68; of amber for electrical pou, how 
made and uſed, III. 296, . 

Vegetable life, in what manner is affected by Electricity, 
45. Uh 242. 

V:lecity ſuppoſed to be acquired by the electric fluid in 
going through long conductors, II. 232. 

Venereal diſeaſe electrified, II. 158. 

Veffels, in what manner may be ſecured againſt the light. | 
ning, 83. 

Vindicating Electricity, 360; negative, what, II. 197 ; 
poſitive, what, II. 198. 

Vitreous Electricity, what, 19. 

Pitriolic ee by the cleQuic ſparks 
on it, II. 280, | 

Ukers elefrified, II. 149. 


Water, ſparks may be ramen viſible in it, 272; how 
atfeted by a ſhock, 62, 272, 273, 288; ſpout imi- 
tated, 288 ; concuffion given to it by a ſhock, 320; 


illuminated by _— 3363 decompoſed — 
II. 168. 


Was ehched by aeiing; 263 | is apt to attract the aſhes 


when melted by the wax-chandlers, 129; ſealing, 
3 
5 2 


TN N 
ell, electric, what, and its properties, 201. ä 
Whirlwind, ſuppoſed to be an electrical phenomenon, 
7); imitated, 289. 

Wires, metallic, melted by Electricity, 310. II. 282 8 
may be lengthened and ſhortened, by means of Elec- 
tricity, 312 ; particular ſort of conducting ones uſeful 
in Medical Electricity, II. 130. 


. 


2 


Zinc, its ſpontaneous Deficit 1. 15 229s 1.30, 
"BIS: - 
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— 72 J 
Dot \to the Binder. © 
Tube Plates L- and II. muſt be placed at the end of Vol. I. 
— The Plates III. IV. and V. muſt be placed at the 
end of Vol. IL —And the ſixth Plate, at the end of | 
Vol. II. | 1 
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